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PEEFAOE. 



My motive in writing tliese papers was mainly tliat 
which prompted the publication of my Eoyal InstitA- 
tion lectures ; a desire, namely, to extend sympathy for 
science beyond the limits of the scientific public. 

The fulfilment of this desire has caused a tempo- 
rary and sometimes reluctant de;flection of thought 
from the line of original research. But considering 
the result aimed at, and in part I trust achieved, I do 
not regret the price paid for it. 

I have carefully looked over all the articles here 
printed, added a little, omitted a little— in fact, tried 
as far as my time permitted to render the work pre- 
sentable. Most of the essays are of a purely scien- 
tific character, and from those which are not, I have 
endeavored, without veiling my convictions, to exclude 
every word that could cause needless irritation. 

From America the impulse came which induced me 
to gather these " Fragments " together, and to my 
friends in the United States I dedicate them. 

John Tyndall. 

ATHENiKCM Club : March^ 1871. 



PREFACE TO THE FOURTH EDITION. 



My friend M. Pasteur, of the Institute of France, sent 
me some time ago, among other important books and 
papers, a short essay entitled " Quelques Reflexions sur la 
Science en France.^' It consists of three articles, the first 
published in January, 1868 ; the second unpublished, though 
laid before the Emperor Napoleon at the Tuileries in 
March, 1868; and the third communicated to a public jour- 
nal last March. All three articles are conceived in the 
same spirit, and directed to the same end. The last of 
them, entitled " Pourquoi la France n'a pas trouv6 d*hom- 
mes sup4rieurs au moment du peril," contains many remarks 
which may be wisely laid to heart in England, In our 
eager pursuit of " practical " results, the high preparatory 
studies contended for by M. Pasteur as essential are only 
too likely to be underrated or overlooked. 

The bearing of his views on the question of technical 
education, now so much spoken of in England, will be ap- 
parent to every reader of the following translation of a por- 
tion of the article referred to. Its introduction in this 
place would be incongruous were it not that the main ob- 
ject of the various essays published in this book was to 



create a public interest in science as a source of knowIe(]ge, 
and as a means of culture, without present regard to its 
material results. But the issues of studies animated by 
thia spirit are incalculable ; for, though undertaken with no 
practical intent, they are really the prime movers of all 
practice. If the purely scientific discoverer die out,- prac- 
tical applications cannot long survive him. 

Happily, the universities of England are becomiug 
more and more alive to the importance of that culture of 
research, which M. Pasteur presses so earnestly upon the 
attention of France. ' To them, assuredly, the nation has a 
right to look as the proper foster-mothers of original in- 
quiry, and the nurseries of true scientific ii 



Our ago is distinguished from all preceding ones by a 
prodigious scientific and industrial development. At no 
epoch of the world's history is there to be found such an 
accumulation of discoveries and of new application? to the 
arts, the industries, and the material well-being of societies. 
France has taken an immense part in this movement, and 
she, more than any other nation, has prepared it. It would 
be a great illusion to suppose that the results to which I 
refer are the fruit of rapid labors, or the fortunate concur- 
rence of certain circumstances. Progress in the material 
order of things resembles the unfolding of a leaf or of a 
flower, which only reveals itself to our wondering eyes 
after a slow and obscure elaboration of all its parts. Dis- 
"Xtveries also have their concealed and invisible germs, 
which are productive in proportion as they have been pre 
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pared by genius, by labor, and by long efforts ; these are 
the sources of their life and of fertility. 

Regarded £rom this point of view, our modem discov- 
eries are immediately connected with the grand intellectual 
movement of the second half of the eighteenth century. 
They are the direct offspring of those great labors which in 
all directions marked the progress of the human mind dur- 
ing this memorable epoch. Surely, the Academy of Sci- 
ences had never more importance than during the years 
when on the same benches were seated Clariault, Lacaille, 
d'Alembert, Coulomb, Lagrange, Reaumur, Buffon, Dauben- 
•ton, Lavoisier, Laplace, Laurent de Jussieu, Legendre, 
Monge, Carnot, Delambre, and others, for I name the most 
illustrious alone. 

The terrible political and social overthrow in which the 
last years of the eighteenth century culminated might have 
been expected to exert a long-retarding influence on the 
cultivation of science in our coimtry. Not only was this 
not the case, but, owing to the creation of two establish- 
ments which were long without rivals in Europe, science 
was soon seen to shine with a new lustre. These were 
the Museum of Natural History and the ificole Polytech- 
nique. " The advancement of the sciences," says our great 
physiologist Claude Bemwd, " can be promoted in two dis- 
tinct ways : firstly, by the impulse of discovery and of new 
ideas ; secondly, by means of the appliances necessary for 
scientific research and development. In the evolution of 
science invention is without doubt the essential part. At 
aU times new ideas and discoveries behave as seeds. It 
suffices not to plant them merely ; they must also be 



by scientific culture. Without 
emigrate, to be seen, perhaps, prospering 
n Boils far distant from those that es 



nourished aud 
this they die c 
and fertilizing 
them birth." 

It i3, indeed, in the Museum and the i^cole Polytech- 
iiique, or the shadows of these great establishments, these 
national institutions, as without esaggeration they maybe 
called, that are to be found concentrated the efforts of 
French science, and the pure glory with which it shone 
during the first quarter of this oeutury. In the Museum 
Geoffroy Siint-Hilaire, Curicr, Hauy, Brongaiart, renewed 
the face of the natural sciences. 

The Ecole Polyteohnique had hardly issued from its 
swaddling-clothes when it was proclaimed in learned Eu- 
rope to be the foremost of all establishments of instruction. 
At the call of its founders, the Lagranges, thi^ Laplaces, 
the Monges, the Bertholets, the Legeadres, tjie elect of its 
pupila, emulous of their masters, accomplished in the 
mathematical and physical soienoes a revival which did not 
pale in comparison with that inaugurated at the Museum 
in the natural ficienees. It suiBcea to recall the celebrated 
names of Prony, Malua, Diet, Fourrier, Gay-Luasac, Arago, 
Poissoa, Dulong, Frosnel. Our superiority was accepted 
by all foreign nations, though all of them could point with 
pride to illustrious names : Sweden could cite Berzelius ; 
England, Davy ; Italy, Volta ; Germany and Switzerland, 
eminent naturalists and profound geometers ; but in no 
other country were those superior men whose remembrance 
is guarded by posterity so numerous as in France. Thanks 
to the Museum and the Ecole Polytechnique, inheritors at 
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regards the exact sciences of the movement of ideas which 
in the political world issued fix>m the Revolution of 1789, 
the single city of Paris counted a greater number of dis- 
coverers than any country in the world. 

Few persons comprehend the real origin of the marvels 
of industry and the wealth of nations. I need no other 
proof of this than the employment more and more frequent 
in lectures and speeches, in official language, and in writ- 
ings of all sorts, of the erroneous expression applied scU 
ence. The abandonment of scientific careers by men 
capable of pursuing them with distinction was recently 
complained of in presence of a minister of the greatest tal- 
ent. This statesman endeavored to show that we ought 
not to be surprised at iMs result, because in our day the 
reign of theoretic science yielded plaice to that of applied 
science. Nothing could be more erroneous than this opin- 
ion ; nothing, I venture to say, more dangerous even to 
practical life, than the consequences which might flow from 
these Words. They have rested in my memory as a proof 
of the imperious necessity of reform in our superior educa- 
tion. No, a thousand times no I There exists no category 
of sciences to which the name of applied science could be 
given. Wi have science and the applications of science^ 
which are united to each other as the fruit and the tree on 
which it grew. 

I do not know what part chance has played in the birth 
of the industrial arts, and in the origin of society, when 
man was naked and without defence on the surface of the 
earth ; when he knew not the extraction and employment 
of metals, the fabrication of glass and of pottexy. But it is 
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certain that in our days chance favors invention only after 
preparation for it by patient discoveries and persevering 
efforts. 

The great practical innovations, the grand Improve- 
ments in commerce and the arts, even the changes in the 
relations of states, have all issued from the profound medi- 
tations of illustrious mathematicians, from the laboratories 
of learned natural philosophers, and of consummate chem- 
ists, from the observations of naturalists of genius. 
" These grand practical innovations," sajs Cuvier, " are 
only the facile applications of verities of a superior order. 
not sought with a practical intent, verities vrhich their au- 
thors have pursued for their own sake, impelled solely by 
an ardor for knowledge. Those who put them in practice 
cxiuld not have discovered them ; those who have dis- 
covered them had neither the time nor the inclination to 
■ pursue them to a practical result. Absorbed in the high 
regions whither their contemplations had carried them, 
they had hardly perceived this movement and these crea- 
tions, though bom of their own words. These rising work- 
shops, these peopled colonies, these vessels which furrow 
the seas, this abundance, this lusmy, this tumult, all this 
comes from discoverers in science, and all this remains 
strange to them. The day that a doctrine comes into 
practice they abandon it to the populace ; it concerns them 



The public powers of France have long misapprehended 
this law of correlation between theoretic science and the 
life of nations. Victim, no doubt, to her political instabit 
ity, modem France hfliS done nothing to maintain, prop* 



gate, attd develop scientific activity. She has been content 
vrith obeying an impulse already received ; she has lived 
on Iier past, belieyiDg herself always great in discovery, 
because she owes to it her material prosperity. But she 
has not perceived that her sources have been imprudently 
permitted to run dry. Neighboring nations, on the con- 
trary, excited by the stimulus given by France, have turned 
it to their profit, rendering it fruitful by labors, and by 
sacrifices sagely combined. 

While Gicrmany multiplied her universities, and estab- 
lished among them tha most salutary emulation, while she 
surrounded her masters and her doctors with honors and 
with consideration, creating vast laboratories endowed with 
thousands of instruments for the prosecution of research, 
France, weakened by her revolutions, always occupied in 
the barren search after the best form of government, gave 
only a distracted attention to her establishments of superior 
instruction. 

At the point now attained in what is called modern 
ciuUization, the culture of science, in its most elevated 
sense, is perhaps still more necessary to the moral tone of 
a nation than to its material prosperity. 

The great discoveries, the meditations of thought in the 
arts, in sciences, and in letters. In a word, the disinterested 
labors of the intellect in all its spheres, with the centres 
of education, suitable for their exposition, introduce into 
the Tvhole social body a philosophic or scientifio spirit, that 
spirit of discernment which submits every thing to the test 
of a severe reason, which condemns ignorance, and diasi- 
paies prejudice and error. They raise the intellectual level. 



the mora,] sentiment, and by them the divine idea itself U 
exalted and diffused. 

I have said that the Museum and the Ecole Folytech' 
nique were, for the theoretic part of science, the only two 
foci of illuminatioD in France. 

Our organization, indeed, did not permit of any others 
up to the present time. Tlie £cole KormaU superieure 
has been too long an almost escluaively literary school 
to have any influence in the past ascribed to it. Even 
recently the skiKuI physicist Pouillet was its first and only 
reptesentant in the Academy of Sciences ; while the philoso- 
phers, the bisiorians, and the llteraiy men wbom it has 
formed, are to be found in great numbers in the other 
classes of the Institute. 

Medicine being, unhappily, much more an art than a 
science, tbe action of tbe Faculties which have dispensed 
a knowledge of it has not been of sensible account. 

The Conservatoire dee Arts et Metiers has only served 
for the progress of industry. As to our Faculties, life has 
been always wanting to them tlirough many causes, but 
principally, as regards science, through the JnsufEcience of 
material means. Under pain of scientific downfall, the 
state ought to have employed all possible means to con- 
vert our Museum, our Ecole Polytech nique, and their 
annexes, and all other establishments of instruction, into 
nurseries of philosophers and discoverers. 

By this means alone could France maintain the height 
of her mission, and preserve the preSminence which she 
bad BO justly acquired, and 'which was contested by no 
other nation fifty or eizty years ago. Unhappily, nothing 
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of this kind has taken place. The mournful truth is, that 
the Museum and the Mcoh Folylecknique produce invea- 
tigatora no longer. These two establishments have never 
ceased to have for masters illustrious professors. What- 
ever may happen, a country like France will always pro- 
duce great scientist; individualities, but iram these estab- 
lishments no longer issue, as formerly, men devoted to the 
free exercise of thought, and to the disinterested study of 
Nature. At one time the majority of the foremost disdplea 
of the £co]e Polytechnique followed the career of mathe- 
matical and physical science, and of the higher studies gen- 
erally. In our day thia fact is only a rare exception. It is 
not that the pupils of this great school are less numerous 
than formerly, or less capable than their predecessors, the 
Maluses, the Foissons, the Fresnels, to render their country 
illustrious by fruitful discoveries, but the course of events 
invites them to carry the fruit of their studies into the 
operations of industry, such as the working of mines, the 
cxmstruction of railways, etc 

Circumstances of another nature, but which connect 
themselves with the same short-sightedness and the same 
errors, hare enfeebled the Museum, and compromised the 
fertility of its instruction and of its labors. The penury 
of its material resources, the diminution of situations, the 
suppression of chairs, galleries and laboratories dilapidated, 
are so many causes which have placed the natural sciences 
in our day beyond the reach of the most decided abilities. 

It was not comprehended that this displacement of the 
energy of the £eole Polytechnique created in the nation, 
to the prejudice of science, a vast gap, which would have 



the moat deplorable consequences. If you doubt the truth 
of what I advance, ask those competent to answer, what 
is the number of naturalists which the Museum has formed 
during the last thirty years, and who are the mathemati- 
cians, the astronomers, the physicists, the chemists, which 
have issued from the Ecole Polytechnique during the same 
interval. One hardly ventures to think of the state of 
abasement into which the French science of our day would 
have fallen, if highly-endowed men, formed by themselves 
and without official masters, such as Claude Bernard, Fou- 
oault, Laurent and Gerhardt, Fizeau, Deville, Wurtz, Ber- 
thelot, had not risen from the body of the nation, as formerly 
rose Chcvreul, Dumas, Boussingault, and Ballard, 

Superficial minds, or those abused by political passion, 
ascribe all the great things accomplished by the Coavea- 
tion and the Committee of Public Safety to the republican 
idea. History absolutely condemns this opinion. The 
safety of France has been the esclusive consequence of 
her scientific superiority. And how doleful is the comparison 
of the services rendered by science to our country during 
the Revolution, and during the war which has just ended I 
How greatly is the impression aggravated when we think 
that in 1870 the parts have been reversed to the profit of 
our adversary I 

The dangers which menaced France in 1793 appeared 
for a time insuperable. The whole of Europe armed 
against her ; a rigorous blockade on land and sea ; civil 
war; our arsenals empty; an anny insufficient, or hostile; 
while in 1870 all seas were open, and a single nation to 
oombat. But alaal the proSminence due to science bad 



been displaced. Without sacrificing the development of 
ita agriculture or its industry, even while giving to the 
applications of science the care which they merit, this rival 
nation was wise enough to devote the best part of ita 
coasideratioa and its eacrifices to the freest and most 
elevated labors of the intellect, to the most disinterested 
progress of science ; so that the name of Germany is bound 
tq) by a sort of natural ossociation with the idea of a nation 
of universities. 

The German nation baa understood that there exists no 
applied BOJence, but only tbe applications of science, and 
that these latter are only rendered valuable by the dis- 
coveries which nourish them ; ■while the constant pre- 
occupation of our statesmen regarding public instruction 
during fifty years has had principally for object priraaiy 
and secondary education. They have forsaken the higher 
studies, particularly that of science, to tlie impulse they 
had received from the renovation of science in the eigh- 
teenth century. 

Elementary education can only bear happy fruit when 
it is animated by the breath of a great national education. 

Can I better apply the preceding considerations than 
by directing attention to the practical results, born of the 
scientific grandeur of France in the eighteenth century, 
and its relative downfall in the nineteenth ? 

The disasters of 1870 are present to all minds ; it would 

be nselesa to repeat thera. But it is unhappily too noto- , 

rious that superior men have been wanting to put into 

\ action the immense resources of the nation. Thanks to 

I ihe progress of science during the fifty years which pre 



ceded the Revolution, the Franco of ITOS multiplied her 
forces by the genius of invention, and saw rise for her 
defence in the time of need men who, it may he said, 
knew how to organize victory, 

" The Convention," says Arago, " had decreed the rais- 
ing in mass of 900,000 men. Xothing leas was necessary 
to make head against the hurricane which from all points 
of the horizon was about to break upon France. A cry of 
distress was soon heard which carried discouragement into 
the firmest hearts. The arsenals were nearly empty. Kot 
a tenth part of the arms and munitions required by the 
war was to be found. To make good this want of foresight, 
or, as others called it, this calculated treason of the ancient 
government, seemed above human power. 

" The first want was gunpowder. 

" For a long time the principal basis of the gunpowder 
of France was the saltpetre of India, a resource which 
could no longer be counted upon. 

" The nest want was field-guns. 

" Copper enters largely into the alloy whereof they are 
formed. Now the mines of France produce copper only 
in insignificant quantities. Sweden, England, Eussia, 
India, whence we had previously derived this metal, were 
closed to us. 

"We wanted steel 

"It came to us from foreign countries; the art of 
making it was unknown in our forges and our workshops. 
In the first reunion of savants d'Uite which had been con- 
voked, the question of the iabrication of powder, first in 
importance and first in difficulty, overpowered all mind& 
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The experienced members of the Government did not be- 
lieve it to be soluble. * Where,' thej asked in despair, * is 
saltpetre to be found ? ' * On our proper soil,' answered 
Monge without hesitation ; ^ stables, cellars, and low places 
contain more of it than you have any notion of.' It was 
while feeling the infinite resources of genius when united 
to an ardent patriotism Monge exclaimed, ^ We can obtain 
nitrous earth, and three days afterward we can charge from 
it our cannons.' " 

We also, since the 4th of September, have had some 
sublime exclamations, but how soon they touched the 
ridiculous I That of Monge, on the contrary, remains sub- 
lime. 

" Methodical and simple instructions," continues Arago, 
were freely distributed through all parts of the republic, 
and each citizen was able in some degree to practise an 
art which up to this time had been reputed very difficult. 

" France became a manufactory of gunpowder, 

** Bell-metal is an alloy of copper and tin, but. in pro- 
portions not suitable for arms of war. Chemistry dis- 
covered new methods of separating the two metals. 

**The art of making steel was unknown, but it was 
then and there created. The sabre, the sword, the bayonet, 
the lance, the gun-barrel, will be fabricated henceforth with 
the steel of France. 

**The preparation of leather for boots and shoes re- 
quired whole months of labor ; such long delays could not 
be reconciled with the needs of our soldiers, and the art 
of tanning received unhoped-for improvements. Hence- 
forth the months will be replaced by days. 



"Up to ITSi, balloona had been oaly simple objects oi 
curiosity. At the battle of Fleurus, General Marlot was 
carried by a balloon into the regioa of clouds, the move- 
ments of the enemy were signalled ia an instant, and thus 
an inrention, wholly French, procured for our arms a brill- 
iant victory. 

" The first idea of the air-telegraph, due equally to a 
Frenchman, was improved, extended, and applied. From 
that moment orders were transmitted to the army in a few 
minutes." 

Such are the wonders which the genius of science and 
patriotism brought forth during the French Revolution. . 

Two members of the Institute, Monge and Camot, 
aided by their eminent colleagues, Fourcroy, Guyton de 
Morveau, Berthollet, etc., constituted the soul of these -^ 
immortal labors. ■ 

O my country, thou who hast held so long the sceptre ^ 
of thought, why hast thou lost interest in its most noble 
creations? They are the torch divine which illuminates 
the world, the living source of all great sentiments, the 
counter-weight to the tendency toward material pleasures. 

In thy hands they would have been the light of human- 
ity, and, in the moment of supreme peril, thou wouldst have 
seen appear imder their inspiration, organizers like Camot, 
and captains still more accomphshod than the lieutenants 
of Bonaparte. 



We may possibly hesitate before accepting M. Pasteur's 
theory of the decadence of France ; thinking, perhaps, that 
her ancient scientiiio spirit was itself a special sample of a 
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larger spirit of earnestness and self-sacrifice, the absence 
of wbicb in recent times bas led to tbe results wbicb M. 
Pasteur deplores. Be tbat as it maj, tbe opinions of so 
eminent a man regarding tbe relation of science to its 
applications, and to tbe general culture of a nation, merits 
our grayest attention. 

December^ 1871. 
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THE CONSTITUTION OF NATURE. 



AN ESSAY. 



{Fortnightly Review, vol. iii. p. 129.] 



" The gentle Mother of all 
Showed me the lore of colors and of sounds ; 
The innumerable tenements of beauty ; 
The miracle of generative force { 
Far-reaching concords of Astronomy 
Felt in the plants and in the punctual birds ; 
Mainly, the linked purpose of the whole ; 
And, chiefest prize, found I true liberty — 
The home of homes plain-dealing Nature gave. 

Ralph Waldo Emerson 



THE COXSTITUTION OF NATUEE. 

Wb cannot think of apace as fiaito, for wliorever in 

I imagination wo erect a boundary we are compelled to tbink 

I of space as existing beyond that boiiodary. Thus by the 

I iocessant dissolution of limits we arrive at a more or less 

I adequate idea of the infinity of space. But though com- 

I pelled to think of apace as unbounded, there is no mental 

I necessity to compel us to tbink of it either as filled or as 

I empty ; ■whether it is filled or empty must be decided by 

I experiment and observation. That it is not entirely void, 

" the starry heavens declare ; but the question still remains, 

Are the stars themselves hung in vacuo f Are the vast 

regions which surround them, and .across which their light 

is propagated, absolutely empty ? A century ago the 

answer to this question would be, " No, for particles of 

light are incessantly shot through space." The reply of 

modem science is also negative, but on a somewhat diflei^ 

ent ground. It has the best possible reasons for rejecting 

the idea of luminiferous particles ; but, in support of the ' 

conclusion that the celestial spaces are occupied by matter, 

it is able to offer proofs almost as cogent as those which 

I can be adduced for the existence of an atmosphere round 

1 the earth. Men's minds, indeed, rose to a conception of 

the celestial and universal atmosphere through the study 

of the terrestrial and local one. From the phT^nomena of 

lound aa displayed in the air, they ascended to the phe- 
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rHAGMENTS OF SCTEXCB. 

1 of light as displayed in the ether ; which is the J 
name given to the interstellar medium. 

The notion of tliis medinm must not be considered a 
a vague or fanciful conception on the part of scientific men. " 
Of its reality most of them are as convinced as they are of 
the existence of the sun and moon. The luminiferoua ether 
has definite mechanical properties. It is almost infinitely 
more attenuated than any known gas, but its properties are J 
those of a solid rather than of a gas. It resembles jolly!S 
rather than air. A body thus constituted may have iul 
boundaries ; but, although the ether may not be coexteo? 
sive with space, we at all events know that it extends a 
far as the most distant visible stars. In fact, it is the ve>l 
hide of their light, and without it they could not be seen.! 
This all-pervading substance takes up their molecular tr©-.J 
mors, and conveys them with inconceivable rapidity to our oi 
gans of viaon. It is tho transported shiver of bodies count- ' 
less mill ions of miles distant, which translates itself in human 
consciousness into the splendor of the firmament at night. 

If the ether have a boundary, masses of ponderable 
matter might be conceived to exist beyond it, but th^.J 
could emit no light. Beyond the ether dark auna raighsj 
bum ; there, under proper conditions, combustion might b 
carried on ; fuel might consume unseen, and metals bo^l 
heated to fusion in invisible fires, A body, moreover, chic»; J 
heated there, would continue forever heated ; a sun or-J 
planet, once molten, would continue forever molten. For,^ 
the loss of heat being simply the abstraction of molecular,! 
motion by the ether, whore this medium is absent no cool-.f 
ing could occur. Asenticnt being, on approaching a heatedj 
body in this region, would be conscious of no augmentatioivfl 
of temperature. The gradations of warmth dependent on. W 
the laws of radiation would not exist, and actual contact 
would first reveal tlie heat of an exira ethereal sun. 

Imagine a paddle-wheel placed in water and caused tQ| 
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' rotate. From it, as a centre, waves would issue in al! 
directions, and a wader, as he approached the place of dis- 
turhance, would be met by stronger and stronger waves. 
This gradual augmentation of the impressions made upon 
the wader's body ia^jactly analogous to the augmentation 
of light when we approach a luminous source. In tlie one 
case, however, the coarse common nerves of tbe body enf- 
fice ; for the other we must have tbe finer optio nerve. But 
suppose the water withdrawn; the action at a distance 
would then cease, and, as far as the sense of toiieh is con- 
cerned, the wader would be first rendered conscious of the 
motion of the wheel by the actual blow of the paddles. 
The transference of motion from the paddles to the water 
ia mechanically similar to the transference of molecular 
motion irom the heated body to the ether; and tho propa- 
gBitlon of waves through tho liquid is mechauicaily similar 
to the propagation of light and radiant beat. 

As far as our knowledge of space extends, we are to 
conceive it as tbe bolder of tbe luminiferous ether, through 
which are interspersed, at enormous distances apart, the 
. ponderous nuclei of the stars. Associated with the star 
I that most concerns us we have a group of dark planetary 
(^masses revolving at various distances round it, each again 
bating on its own axis ; and, finally, associated with some 
(of these planets we have dark bodies of minor note — the 
pioons. MTietber the other fiscd stars have similar plane- 
tary companions or not is to us a matter of pure conjecture, 
Vrbicb may or may not enter into our conception of the 
miverse. But, probably, every thoughtful person believes, 
irith regard to those distant suns, tbat there is in space 
pomething besides our system on which they shine. 

Having thus obtained a general view of tbe present 
condition of space, and of the bodies contained in it, we 
may inquire whether things were so created at the begin- 
ning. "Was space furnished at once, by the fiat of Omnipo- 
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tence, with these burning orbs ? To this question the man 
of science, if he confine himself within his own limits, will 
give no answer, though it must be remarked that in the 
formation of an opinion he has better materials to guide 
him than anybody else. He can cftarly show, however, 
that the present state of things tnay bo derivative. He 
can even assign reasons which render probable its deriva- 
tive origin — that it was not originally what it now is. At 
all events, he can prove that out of common non-luminous 
matter this whole pomp of stars might have been evolved. 

The kw of gravitation enunciated by Newton is, tbat 
every particle of matter in the universe attracts every other 
jjarticle with a force which diminishes as the square of the 
distance increases. Time the sun and the earth mutually 
pull each other; thus the earth and the moon are kept in 
company ; the force which holds every respective pair of 
mosses together being the integrated force of their com 
ponent parts. Under the operation of tliis force, a stone 
falls to the ground and is wanned by the shock ; under its 
operation meteors plunge into our atmosphere and rise to 
incandescence. Showers of such doubtless fall incessantly 
upon the sun. Acted on by this force, were it stopped in 
its orbit to-morrow, the earth would rush toward, and finally 
combine with, the sun. Heat would also be, developed by 
this collision, and Mayer, Helmholtz, and Thomson, have 
calculated its amount. It would equal that produced by 
tlie combustion of more than five thousand worlds of solid 
coal, all this heat being generated at the instant of collision. 
In the attraction of gravity, therefore, acting upon non- 
luminous matter, we have a source of heat more powerful 
than could be derived from any terrestrial combustion. And 
were the matter of the universe cast in cold detached frag- 
ments into space, and there abandoned to the mutual gravi- 
tation of its own parts, the collision of the fragments would 
in the end produce the fires of the stars. 
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.ction of gravity upon matter origiaally Dold may, 
In fact, be the origin of all liglit and heat, and tlie proxi- 
mate source of such otlier powers as are generated by 
light and heat. But we have now to inquire what is the 
light and what is the heat thus produced ? This question 
has already been answered in a, general way. Both light 
and heat are modes of motion. Two planets clash and 
corae to rest; their motion, considered as masses, is de- 
stroyed, but it ia really continued as a motion of their 
ultimate particles. It is this motion, taken up by tlje 
ether, and propagated through it with a velocity of one 
I hundred aud eighty-five thousand miles a second, that comea 
I to us as the light aud heat of suns and stars. Tlie atoms 
I of a hot body swing with inconceivable rapidity, but this 
, power of vibration necessarily implies the operation of 
I forces between the atoms themselves. It reveals to us 
that, while they are held together by one force, they are 
kept asunder by another, their position at any moment de- 
pending on the equUibrium of attraction and repulsion. The 
atoms are virtually connected by elastic springs, which op- 
pose at the same time their approach and their retreat, but 
which tolerate the vibration called heat. When two bod- 
H ios drawn together by the force of gravity strike each other, 
^^^ the intensity of the ultimate vibration, or, in other words, 
^^■the amount of heat generated, is proportional to the via 
^^Miviva destroyed by the collision. The molecular motion 
^^Bonce set up is instantly shared with the ether, and diffused 
^^Kby it throughout space. 

^^V We on the earth's surface live night and day in the 

I iiidst of ethereal commotion. The medium is never still. 

The cloud-canopy above us may be thick enough to shut 

out the light of the stars, but this canopy is itself a warm 

)dy, which radiates its motion through the ether. The 

tarih also is warm, and sends its heat-pulses incessantly 

rth. It is the waste of its molecular Inotion in space 
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I clear night ; 
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of it3 motion from the clouds which prevents the earth's 
temperature on a cloudj night from falling so low. To the 
I of space being filled, we must therefore adJ 



the conception of its being ii 
The sourcea of vibration a 
universe. Let ns take a b. 
detail. When we look to o 
aggregate of solids, liquids, 



t state of incessant tremor. 
! ponderable masses of the 
raple of these and examine it in 
IT planet we find it to be an 
md gases. When we look ai 
any one of these, we generally find it composed of still 
more elementary parts. We learn, for example, that the 
water of our rivers is formed by the union, in definite pro- 
portions, of two gases, osygen and hydrogen. We know^ 
how to bring theee constituents together, and to cause them 
to form, water: we also know how to analyze the water, 
and recover from it its two constituents. So, likewise, as 
regards the solid proportions of the earth. Our chalk-hills, 
for example, are formed by a combination of carbon, oxy- 
gen, and calcium. These are elements tlie union of which, 
in definite proportiona, baa resulted in the formation of 
chalk. The flints within the chalk we know to be a com- 
pound, of oxygen and silicium, called silica ; and our or- 
dinary clay is, for the most part, formed by the union of 
silicium, oxygen, and the well-known light metal, alumin- 
ium. By far the greater portion of the earth's crust is 
compounded of the elementary substances mentioned in 
these few lines. 

The principle of gravitation has been ah^ady described 
as an attraction which every particle of matter, however 
. email, has for every other particle. With gravity there is 
no selection ; no particular atoms choose, by preference, 
other particular atoms as objects of attraction ; the attrac- 
tion of gravitation is proportional to the quantity of the 
attracting matter, regardless of its quaHty. But in the 
molecular world ^hioh we have now entered matters are 
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Dtlierwise arranged. Here we have atoms between which 
a, strong; attracUoa is eiercised, and also atoms between 
which a weak attraction is exercised. One atom ean joBtle 
another out of its place in virtue of a superior force of at- 
traction. But though the amount of force exerted varies 
thus &om atom to atom, it is still an attraction of the same 
mechanical quality, if I may use the term, as that of grav- 
ity itsel£ Its intensity might be measured in the same 
way, namely, by the amount of mottcm which it can impart 
ia a certain time. Thus the attraction of gravity at the 
earth's surface is expreBsed by the number thirty-two, be- 
cause, when acting freely on a body for a second of time, 
it imparts to the body a velocity of thirty-two feet a second. 
In like manner the mutual attraction of osygen and hydro- 
gen might be measured by the velocity imparted to the 
atoms in their rushing together. Of course such a unit of 
time as a second is not here to be thought of, the whole 
interval required by the atoms to cress the minute spaces 
which separate them not amounting probably to more than 
an inconceivably small fraction of a second. 

It has been stated that when a body falls to the earth 
it is wanned by tiie shock. Here we have what we may 
call a mechanical combination of the earth and the body. 
Suffer the falling body and the earth to dwindle in imagi- 
nation to the size of atoms, and for the attraction of grav- 
ity substitute that of chemical affinity, which is the name 
given to the molecular attraction, we have then what is 
called a chemical combination. Tbe effect of the union in 
this case also is the development of heat, and from the 
amount of heat generated wo can infer the intensity of the 
atomic pull. Measured by ordinary mechanical staadards, 
this is enormous. Mix eight pounds of oxygen with one 
tit hydrogen, and pass a spark through the mixture; the 
gases instantly combine, their aton.s rushing over the little 
dietonces between thum. Take a weight of forty-sevon 
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thousanJ pouoda to an elevation of one thousand feet abovo 
the earth's surface, and let it fall ; the energy witii lyhich 
it would strike the earth would not exceed that of the eight 
pounds of osygen atoms as they dash against one pound 
of bj-drogcn atoms to form water. 

It is sometimes stated that the force of gravity is di« 1 
tingTiished from all other forcee by the fact of its resistiDg 
conversion into any other. Chemical aiSnity, it is said, 
can be converted iuto heat and light, and these again into 
magnetism and electricity. But gravity refuses to be ao 
converted ; it is a force which maintains itself under all- ' 
circum stances, and is not capable of disappearing to ^ve 1 
place to another. If by this is meant that a particle oE I 
matter can never be deprived of its weight, the assertion' J 
is correct ; but the law which affirms the convertibility (rf J" 
natural forces was never meant, in the minds of those wlio^ 
understood it, to affirm that such a conversion as that hero ^ 
implied occurs in any case whatever. As regards converti- 
bility into heat, gravity and chemical affinity stand on pre- 
cisely the same footing. The attraction in the one case ia , 
as indestructible as in the other. Nobody affirms thai.fl 
when a stone rests upon the surface of the earth the mutual. J 
attraction of the earth and stone is abolished; nobody 1 
means to affirm that the mutual attraction of oxygen forj 
hydrogen ceases after the atoms have combined to form.J 
water. What is meant in the case of chemical affinity is, 1 
that the pull of that affinity, acting through a certain space, j 
imparts a motion of translation of the one atom toward the 1 
other. This motion of translation is 7iot heat, nor is tha J 
force that produces it heat. But wlien the atoms strike anil 1 
recoil, the motion of translation is converted into a motion 1 
of vibration, and this latter motion is heat. But the vibra- 
tion, so far from causing the extinction of the original at- 
traction, is in part carried on by that attraction. The atoms 
recoil in virtue of the elastic force which opposes actual 
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ontact, and in the recoil they are driven too far bat-k. The 
Drig-inal attraction then triuinplis over the force of recoil, 
and urges the atoms once more together. Thus, ]ike a pen- 
dulum, they oscillate, until their motion is imparted to the 
Burrounding ether ; or, in other words, until their heat be- 
comes radiant heat. 

In this sense, and in thia sense only, is chemical affinity 
converted into heat. There is, first of all, the attraction 
between the atoms ; there is, secondly, space between them. 
Across thia space tho attraction urges them. They coUide, 
they recoil, they oscillate. Tliero is a change in the form 
of the motion, but there is no real lose. It is so with the 
attraction of gravity. To produce motion here, space must 
also intervene between the attracting bodies : when they 
strike motion is apparently destroyed, but in reality there 
is no destruction. Their atoms are suddenly urged together 
by the shock ; by their own perfect elasticity these atoms 
recoO ; and thus is set up the molecular oscUration which 
announces itself to the nerves as heat. 

It was formerly universally supposed that by the colli- 
sion of unelastic bodies force was destroyed. Men saw, for 
example, when two spheres of clay, or painter's putty, or 
lead, were, urged together, that the motion possessed by 
Ltbe masses prior to impact was more or less annihilated. 
f believed in an absolute destruction of the force of 
mpact. Until recent times, indeed, no difEculty was ex- 
Brienced in believing this, whereas, at present, the ideas 
[ force and it3 destruction refuse to be imited in most 
ihilosophic minds. In the collision of elastic bodies, on the 
contraiy, it was observed that the motion with which they 
clashed together was in great part restored by the resiliency 
of the masses, the more perfect the elasticity the more com- 
iriete being the restitution. This led to the idea of perfectly 
istic bodies — bodies competent to restore by their recoil 
« whole of the motion which they p<.isaeBsed before impact. 
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Hence the idea of the conservation of force, as opposed 
to the destruction of force, wliicU was supposed to occur 
wlien inelastic bodies met in collision. 

We now know that the principle of conservation holds 
equally good with elastic and unelaatio bodies. Perfectly 
elastic bodies develop no heat on collision, Thej retain 
their motion afterward, though its direction may be changed ; 
and it is only when sensible motion is, in whole or in part, 
destroyed that heat is generated. This always occurs in 
unelastic collision, the heat developed being the esact 
equivalent of the motion extinguished. This beat virtually 
declares that the property of elasticity, denied to the raaBses, 
exists among their atoms, and by their recoil and oscillation 
the principle of conservation is vindicated. 

But ambiguity in the use of tie term "force" baa been 
for some time more and more creeping upon us. We called 
the attraction of gravity a force without any reference to 
motion. A body resting on a shelf is as much pulled by 
gravity as when after having been pushed off tlie shelf it 
falls toward the earth. We applied the term force also to 
that molecular attraction which we called chemical affinity. 
When, however, wo spoke of the conservation of force in 
the case of elastic collision, we meant neither a pull nor a 
push, which, as just indicated, might be exerted upon inert 
matter, but we meant the moving force, if I may use the 
term, of the colliding masses. 

What I have called moving force has a definite me- 
chanical measure in the amount of work that it can perform. 
The simplest form of work is the raising of a weight. A 
man walking up-hill or up-stairs with a pound weight in 
hia hand, to an elevation say of sixteen feet, performs a cer- 
tain amount of work over and above the lifting of his own 
body. If he ascend to a height of thirty-two feet, he does 
twice the work; if to a height of forty-eight feet, he does 
three times the work; if to sixty-four feet, he doe 
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times, the work, and so on. If, moreover, he carries up two 
pounds instead of one, other things being equal, he does 
twice the work ; if three, four, or five pounds, he does three, 
four, or five times the work. In fact, it is plain that the 
work performed depends on two factors, the weight raised 
and the height to which it is raised. It is expressed by the 
product of these two factors. 

But a body may be caused to reach a certain elevation 
in opposition to the force of gravity, without being actually 
carried up to the elevation. If a hodman, for example, 
wished to land a brick at an elevation of sixteen feet above 
the place where he stands, he would probably pitch it up to 
the bricklayer. He would thus impart, by a sudden effort, 
a velocity to the brick sufficient to raise it to the required 
height; the work accomplished by that effort being pre- 
cisely the same as if he had slowly carried up the brick. 
The initial velocity which must be imparted in the case here • 
assumed, is well known. To reach a height of sixteen feet, 
the brick must quit the man's hand with a velocity of 
thirty-two feet a second. It is needless to say that a body 
starting with any velocity, would, if wholly unopposed or 
unaided, continue to move forever with the same velocity. 
But when, in the case before us, the body is thrown upward, 
it moves in opposition to gravity, which incessantly retards 
its motion, and finally brings it to rest at an elevation of 
sixteen feet. If not here caught by the bricklayer, it would 
return to the hodman with an accelerated motion, and 
reach his hand with the precise velocity it possessed on 
quitting it. 

Supposing the man competent to impart to the brick, at 
starting, a speed of sixty-four feet a second, or twice its 
former speed, would the amount of work performed in this 
effort be only twice what it was in the first instance ? No ; 
it would be four times that quantity. A body starting with 
twice the velocity of another, will rise to foiur times ^he 
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height; in like manner, a threefold velocity will give B 
ninefold elevation, a fourfold velocity will give a siiteen- 
fold elevation, and so on. The height atlained, then, or the 

I work done, is not proportional to the velocity, but to the 

square of the velocity. As before, the work is also pro- 
portional to tho weight elevated. Hence the work which 
any moving maasea wliatever are competent to perform, by 
the motion which they at any moment posGeas, is jointJy,^^^ 
proportional to the weight and the square of the velocity£.'^^| 
Here, then, we have a second measure of work, in which w^^^| 
simply tfanslate the idea of height into its equivalent ide^^^f 
of motion. ^^^| 

In mechanics, the product of the mass of a moving bodj^^H 
into the square of its velocity, expresses what is called the 
uia wi'ya, or living force. It is also sometimes called the 
"mechanical effect" If, for example, we point a cannon 
upward, and start a ball with twice the velocity imparted 
by a second cannon, the ball will rise to four times tho 
height. Tlie speedier ball, if directed against a target, will 
also do four times the execution. Hence the importance 
of imparting a high velocity to projectiles in war. Having 
thus cleared our way to a perfectly clear conception of the 
vis viva of moving masses, we are prepared for the an* 
nouncement that the heat generated by the collision of ^A 
falling body against the earth ia proportional to the vif-'i 
viva annihilated. In point of fact it is not an annihUatioa 4 
at all, but a transference of vis viva from the mass, to itsi 
ultimate particles. This, as we now learn, is proportional J 
lo the square of the velocity. In the case, therefore, of t" 
cannoti-balls of equal weight, if one strike a target wi 
twice the velocity of the other, it will generate four tim 
the heat ; if with three times the velocity, it will generate 
nine times the heat, and so on. 

Ulr. Joule has shown that in falling from a height of 77^ 
feet, a body will generate an amount of heat sufficient t 
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raise its own weight of water one degree Fahrcnlicit in 
temperature. We have here the mechanical equivalent of 
heat. Now, a body fiiUing from a height of 773 feet, has, 
upon striking the earth, a velocity of 223 feet a. second ; 
and if this velocity were imparted to a body, by any other 
means, the quantity of heat generated by (he stoppage of 
its motion would be that stated above. Six times that ve- 
locity, or 1,338 feet, would not be an inordinate one for a 
cannon-ball as it quits the gun; but if animated by six 
times the velocity, thiiiy-six times the heat will be gener- 
ated by the stoppage of its motion. Hence a cannon-ball 
moving with a velocity of 1,338 feet a second, would, by 
collision, generate an amount of heat competent to raise its 
own weight of water 36 degrees Fahrenheit in tempera- 
ture. If composed of iron, and if all the heat generated 
were concentrated in the ball itself, its temperature would 
be raised about 360 degrees Fahrenheit ; because one de- 
gree in the case of water is equivalent to about ten de- 
grees in the case of iron. In artiUery practice the heat 
generated is usually concentrated upon the front of the 
bolt, and on the portion of the target first struck. By this 
concentration the heat developed may become sufficiently 
intense to raise the dust of the metal to incandescence, a 
flash of light often accompanying collision with the target. 

Let us now fix our attention for a moment on the gun- 
powder which urges the cannon-ball. This is composed of 
combustible matter, which if burnt in the open air would 
yield a certain amount of beat. It will not yield this 
amount if it performs the work of urging a ball. The heat 
then generated by the gunpowder will fall short of that 
produced in the open air, by an amount equivalent to the 
vie viva of the ball; and this exact amount is restored by 
the ball on its collision with the target. In this perfect 
•way are heat and mechanical motion connected. 

Broadly enunciated, the principle of tlie conservation 
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of force asserts that the quantity of force in the universe if 
as unalterable as the quantity of matter ; that it is alike 
impossible to create force anil to annihilate it. But in 
what sense are we to understand this assertion ? It would 
be manifestly inapplicable to tlie force of gravity as New- 
ton defined it ; for this is a force varying inversely as the 1 
Bquare of the distance, and to affirm the constancy of a 
varying force would be self-contradictory. Yet, when the I 
question is properlyuuderstood, gravity forms no exception 
to the law of conservation. Following the method pur- 
sued by Helmholtz, I will here attempt an eleraentajy ex- 
position of this law, which, though destined in its applica- 
tions to produce momentous changes in human thought, is 
not difficult of comprehension. 

For the sake of simplicity we "will consider a particle of 
matter, which we may call F, to be perfectly fixed, and a 
second movable particle, D, placed at a distance from F. 
We will assume that these two particles attract each other 
according to the Newtonian law. At a certain distance the 
attraction is of a certain dcGnite amount, which might be 
determined by means of a apriog-balance. At half this dis- 
tance the attraction would be augmented four times ; at a 
third of the distance it would be augmented nine times ; at- i 
one-fourth of the distance sixteen times, and so on. 
every case the attraction might be measured by determin- 
ing, with the spring-balance, the amount of tension which ^ 
is just sufficient to prevent D ixom moving toward F. ■ 
Thus far we have nothing whatever to do with motion ; we J 
deal with statics, not with dynamics. We simply take into J 
accmmt the distance of D froLn F, and the pull exerted by f 
gravity at that distance. 

It is customary in mechanics to represent the magni- "' 
tude of a force by a line of a certain length, a force of 
double magnitude being represented by a line of double 
length, and so on. Placing then the particle D at a dis- 
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tanco from F, we can in imagioation draw a straight lino 
from D to F, and at D erect a perpendicular to this line, 
which shall represeot the amount of the attraction exerted 
on D in this position. K D be at a very great distance 
from F the attraction will bo very small, and the perpondic- , 
ular consequently very short. Let us now suppose that at 
every point in tho line joining F and D a perpendicular is 
erected proportional in length to the attraction exerted at 
that point; we should thus obtain an infinite number of 
perpendiculars of gradually increasing length as D ap- 
proaches F. Uniting the ends of all these perpendiculars, 
wc should obtain a curve, and between this curve and the 
straight line joining F and D we should have an area con- 
taining all the perpendiculars placed side by side. Each 
one of this infinite series of perpendiculara representing an 
attraction, or tension as it is sometimes called, the area just 
referred to represents the total effort capable of being ex- 
erted by the tensions upon the particle D, during its pag- 
Bage from its first position up to F. 

Up to the present point we have been dealing witli ten- 
sions, and not with motion. Thus far vis viva has been 
entirely foreign to our contemplation of D and F. Let ua 
now si:ppose D placed at a practically infinite distance from 
F; here the pull of gravity would be nothing, and the pei^ 
pendicular representing it ^yould dwindle to a point. In 
this position the sum of the tensions capable of being ex- 
erted on D would be a maximum. Let D now begin to 
move in obedience to the attraction exerted upon it. Mo- 
tion being once set up, the idea of vis viva arises. lo 
moving toward F the particle D consgmes, as it were, the 
tensions. Let us 6s our attention on D at any point of the 
path over which it is moving. Between that point and F 
then: is a quantity of unused tensions; beyond that point 
J Ihe tensions have been all consumed, but we have in their 
t place an equivalent quantity of vis viva. After t) has 
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passed any point, tbe tension previously in store at tliat 
point disappears, but not without liaving added, during tbe 
infinitely small duration of its action, a. due amount of 
motion to that previously possessed by D, The nearer D 
approaches to F, the smaller is the sum of the tensions re* 
maining', but the greater is the living force ; the farther D 
is from F, the greater is the sum of the unconsumed ten- ] 
aiona, and the less ia the living force. Now the principle 
of conservation affirms not the constancy of the value of the i 
tensions of gravity, nor yet the constancy of the vis viva, % 
taken separately, but tlie absolute constancy of the value 
of the sum of both. At the beginning the via viva was ' 
zero and the tension area was a maximum ; close to F the " 
vis viva is a maximum, while the tension, area is zero. At | 
every other point the work-producing power of the particle ! 
D oonsista.in part of vis viva and ia part of tensions. 

If gravity, instead of being attraction, were repulsi' 
when tbe particles are in contact, the sum of the tensions 
between two material particles D and F would be a i 
mum, and the via viva zero. If D, in obedience to the i 
repulsion, moved away from F, vis viva would be gener- 1 
ated ; and the farther D retreated from F the greater I 
would be its vis viva, and the less tbe amount of tension i 
still available for producing motion. Taking repulsion into ' 
account as well as attraction, the principle of the conserva- ' 
tion of force afBrms that tbe mechanical value of the ten- i 
Btons and vires vivcB of the material universe is a constant ■ 
quantity. The universe, in short, possesses two kinds of 
property which are mutually convertible, at an unvarying ] 
rate. The diminution of either carries with it the enhance* ] 
ment of tlie other, the total value of the property remain- 
ing unchanged. 

The considerations that wc have bere applied to gravity i 
apply equally to chemical affinity. In a mixture of oxygeii \ 
and hydrogen the atoms exist apart, but by the application J 
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of proper means they may be caused to rush together 
across the space that separates them. While this space 
exists, and as long as the atoms have not begun lo move 
toward each other, we have tensions and nothing else. 
During their motion toward each other the tensions, as Jn 
the ease of gravity, are converted into vis viotL After 
they clash we have still vis viva, but in another form. It 
was translation, it is vibration. It was molecular transfer, 
it is heat. The same considerations apply to a mixture of 
hydrogen and chlorine. When these gases are mingled in 
the dark they remain separate, but if a smibeam fall upon 
the mixture the atoms rush together with detonation. 
Here also we have tension converted into molecular trans- 
lation, and molecular translation into heat and sound. 

It is possible to reverse these processes, to unlock tho 
embrace of the atoms and replace tUem in their first posi 
tions. But to accomplish this as much heat would be re- 
quired as was generated by their imion. Such reversals 
occur daily and hourly in Nature, By the solar waves, the 
oxygon of water is divorced from its hydrogen in the leaves 
of plants. As molecular vis viva the waves disappear, but 
in so doing they reSndow the atoms of osygen and hydro- 
gen with tension. The atoms are thus enabled to recom- 
bine, and when they do so they restore the precise amount 
of heat consumed in their separation. ITie same remarks 
apply to the compound of carbon and oxygen, called car^ 
bonio acid, which is exhaled from our lungs, produced by 
our fires, and found sparingly diffused everywhere tlirough- 
out the air. In the leaves of plants the sunbeams also 
wrench these atoms asunder, and sacrifice themselves in the 

JAct; but when the plants are burnt the amount of heat 

•isonsuraed in their production is restored. 

This, then, is tho rhythmic play of Nature as regards 
her forces. Throughout all her regions she oscillates from 
to vis vioa, from vis viva to tension. Wc have 
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the same play in the planetaiy system. The eaiLli'a orbit '' 
ia aE ellipse, one of the foci of which is occupied by the 
Bun. Imagine the earth at the most distant part of the 
orbit. Her motion, and consequently her via viva, is then 
a minimum. The planet rounds the curve, and begins to 
approach the sun. In front it has a store of tensions, 
■which is gradually consumed, an equivalent amount of via 
viva being generated. When nearest to the sun the mo- 
tion, and consequently the vis viva, is a masimum. But 
here the available tensions have been used up. The earth 
rounds this portion of the curve and retreats from the sun. 
Tensions are now stored up, but vis viva is lost, to be again 
restored at the expense of the complementary force on the 
opposite side of the curve. Thus beata the heart of the 
universe, but without increase or diminution of ifa total 
stock of force. 

I have thus far tried to steer clear amid confusion by 
fixing the mind of the reader upon things rather than upon 
names. But good names are essential ; and here, as yet, 
we arc not provided with such. We have had the force of 
gravity and living force — two utterly distinct things. Wis ■ 
hove had pulls and tensions ; and we might have had thfli ■ 
force of heat, the force of hght, the force of magnetism, or 
the force of electricity — all of which terms have been em- 
ployed more or less loosely by writers on physics. This 
confusion is happily avoided by the introduction of the 
term " energy," embracing under it both tension and via 
viva. Energy is possessed by bodies already in motion; 
it is then actual, and we agree to call it aotuaZ or dynamia 
energy. It is our old vis viva. On the other hand, energy 
is possible to bodies not in motion, but which, in virtue of 
attraction or repulsion, possess a power of mqtion which 
would realise itself if all hinderancos were removed. 
Looking, for example, at gravity, a body on the earth's 
Burfaco in a position from which it cannot fall to a lower 
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one possesses no energy. It has neither motion nor power 
of motion. But the same body suspended at a height 
aboTe the earth has a power of motion though it may not 
have exercised it. Energy is possible to such a body, and 
wo agree to call this potential energy. It embraces our old 
tcnMons, We, moreover, speak of the conservation of en- 
ergy instead of the conservation of force ; and say that tlio 
sum of the potential and dynamic energies of the material 
universe is a constant quantity. 

A body cast upward consumes the actual energy of 
projection, and Jays up potential energy. When it reaches 
its utmost height all its actual energy is consumed, its 
potential energy being then a maximum. When it re- 
turns, there is a reconversion of tho potential into the 
actual. A pendulum at the limit of its swing possesses 
potential energy; at the lowest point of its arc its energy 
is all actual. A patch of snow resting on a monntain-slope 
has potential energy; loosened, and shooting down as an 
avalanche, it possesses dynamic energy. The pine-trees 
growing on the Alps have potential energy ; but rushing 
down the Jlolzrinne of the wood-cutters they possess actual 
energy. The same is true of the mountains themselves. 
As long as the rocks which compose them can fall to a 
lower level, they possess potential energy, which is con- 
Terted into actual when the frost ruptures their cohesion 
and hands them over to the action of gravity. The hammer 
of the great bell of Westminster, when raised before strik- 
ing, possesses potential energy ; when it falls, the energy 
becomes dynamic ; and after the stroke, wo have the 
rhythmic play of potential and dynamic in the vibrations 
of the bell. The same holds good for the moIeciJar oscilla- 
tions of a heated body. An atom is pressed against its 
neighbor, and recoils. But theultimate amplitude of the 
recoil is soon attained, the motion of the atom in that 
direotioD is checked, and for an instant ita energy is all 
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potential. It is then drawn toward its neighbor witL 
accelerated speed, thus, by attraction, converting its poten- 
tial into dynamic energy. Its motion in this directioa is 
also finally checked, and, for an iuatant, again its energy is 
all potential. It again retreats, converting, by repulsion, 
its potential into dynamic energy, till the latter attains a 
' maximum, after which it ia again changed into potential 
energy. Thus, what is true of the earth, as she swings 
and fi-o in her yearly journey round the sun, is also true 
her ininut-est atom. Wc have wheels within whe 
rhythm within rhythm. 

When a body is heated, a change of molecular 
ment always occurs, and to produce this change heat 
consumed. Hence, a portion only of the heat 
cated to the body remains as dynamic energy. Looking" 
back on some of the statements made at the beginning of 
this article, now that our knowledge is more estensive, we 
see the necessity of qualifying them. When, for example, 
two bodies clash, heat is generated ; but the beat, or molec- 
ular dynamic energy, developed at the moment of collision, 
IS not the equivalent of the sensible dynamic energy de- 
stroyed. The true equivalent ia this heat, plus the potential 
energy conferred upon the molecules by the placing of 
greater distances between them. This molecular potential 
energy is afterward, on the cooling of the body, converted 
into heat. 

Wherever two atoms capable of uniting together by 
their mutual attractions exist separately, they form a store 
of potential energy. Thus our woods, forests, and cotUr 
fields on the one hand, and our atmospheric oxygen on the 
other, constitute a vast store of energy of this kind — vast, 
but far from infinite. We have, besides our coal-fields, 
bodies in the metallic condition more or loss sparsely dis-- 
tributed in the earth's crust. These bodies can be oxidizodj' 
and hence arc, so far as they go, stores of jjotential energyi. 
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But the attractions of tlie great mass of the earth's onist 
are already safiafied, and from them no further energy can 
possibly be obtained. Ages ago the elementary constitu- 
ents of our rocks clashed together and produced the motion 
of heat, which was taken up by the ether and carried away 
through stellar space. It is lost forever as far as we are 
concerned. In those ages the hot conflict of carbon, 
osygen, and calcium, produced tlie chalk and limestone 
hills which are now cold ; and from this carbon, osygen, 
and calcium, no further energy can be derived. And so it 
is with almost all tlie other constituents of the earth's 
crust. They took their present form in 'obedience to mo- 
lecular force ; they turned their potential energy into dy- 
namio, and gave it to the universe ages before man 
appeared upon this planet. For him a residue of potential 
energy remains, vast truly in relation to the life aud wants 
of an individual, but exceedingly minute in comparison 
with the earth's primitive store. 

To sum up. The whole stock of energy or working' 
power in the world consists of attmcHojis, repukions, and 
motions. K the attractions and repulsions are so circum- 
stanced as to be able to produce motion, they are sources 
of working-power, but not otherwise. As stated a moment 
ago, the attraction exerted between the earth and a body 
at a distance from the earth's surface is a source of working- 
power; because tlie body can be moved by the attraction, 
and in falling to the earth can perform work. When it 
rests upon the earth's surface it is not a source of power or 
energy, because it can fall no farther. But though it has 
ceased to be a source of energy, the attraction of gravity stiH 
acts as & force, which holds the earth and weight together. 
The same remarks apply to attracting atoms and mole- 
cules. As long as distance separates them, they can move 
I acrcjss it in obedience to the attraction, and the motion 
[ thus produced may, by proper appliances, be caused to 
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perform mechanical work, Wteit, for example, two atom 
of bydrogen unite with one of oxygen, to form water, th^fl 
atoms are first drawn toward each other^they move, theyj 
claBh, and then, by virtue of their resiliency, tliey recoil and "J 
guiver. To this quivering motion we give the name of 
licat. Now this atomic vibration is merely the redistribu- 
tion of the motiou produced by the chemical affinity ; and 
this is the only sense in which chemical affinity can be said 
to bo converted into heat. We must not imagine the 
chemical attraction destroyed, or converted into any thing 
else. For the atoms when mutually clasped to form a 
molecule of water, are held together by the very attraction 
which first drew them toward each other. That which baa 
really been expended is the puU exerted through the space by 
which the distance between the atoms has been diminished. 

If thia be understood it will be at once seen that gravity 
may in thia sense be said to be convertible into heat ; that n 
it is in reality no more an outstandiog and inconvertiH 
agent, as it is sometimes stated to be, than chemical affiixfl 
ity. By the exertion of a certain pull. through a certain" 
space a body is caused to clash with a certain definite 
velocity against the earth. Heat is thereby developed, 
and this is the only sense in which gravity can bo said to ^ 
bo converted into heat. In no case is the force which pro 
duces the motion annihilated or changed into any thJi^ 
else. The mutual attraction of the earth and weight exists 
when they are in contact as when they were separated 
but the ability of that attraction to employ itself In t 
production of motion does not exist. 

The transformation, in this case, is easily followed bw 
the mind's eye. First, the weight as a whole i 
motion by the attraction of gravity. Tliis motion of tht 
mass is arrested by collision with the earth, being broken upfl 
into molecular tremors, to which we give the name of heaWl 

And when we reverse the process, and employ thosa 
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tremors of heat to raise a weight, as is done through the 
intermediation of an elastic fluid in the steam-engine, a 
certain definite portion of the molecular motion is de- 
stroyed in raising the weight. In this sense, and this sense 
only, can the heat be said to be comverted into gravity, or, 
more correctly, into potential energy of gravity. It is not 
that the destruction of the heat has created any new 
attraction, but simply that the old attraction has no.w a 
power conferred upon it, of exerting a certain definite pall 
in the interval between the starting-point of the falling 
weight and its collision with the earth. 

When, therefore, writers on the conservation of energy 
speak of tensions being "consumed" and "generated," 
they do not mean thereby that old attractions have been an- 
nihilated, and new ones brought into existence, but that, 
in the one case, the power of the attraction to produce 
motion has been diminished by the shortening of the dis- 
tance between the attracting bodies, and that in the other 
case the power of producing motion has been augmented 
by the increase of the distance. These remarks apply to 
all bodies, whether they be sensible masses or molecules. 

Of the inner quality that enables matter to attract 
matter we know nothing; and the law of conservation 
makes no statement regarding that quality. It takes the 
facts of attraction as they stand, and aflBrms only the con- 
stancy of worJcing-power. That power may exist in the 
form of MOTION ; or it may exist in the form of foece, with 
distance to act through. The former is dynamic energy, 
the latter is potential energy, the constancy of the sum of 
both being aflBrmed by the law of conservation. The con- 
vertibility of natural forces consists solely in transformar 
(ions of dynamic into potential, and yf potential into dy- 
namic energy, which are incessantly going on. In no other 
sense has the convertibility of force, at present, any scien- 
tific meaning. 
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AN EXTRACT. 



[Mountaineering in 1861, p. 88,] 



"Aber im stillcn Gemach entwirfl bedeutende Zirkel 
Sinnend der Weise. 

Polgt durch die Ltifte dem Klang; folgt durch den JCether dem StralU, 
Sucht das vertraute Gesetz in des Zufalls grausendon Wundern, 
Sucht den mhendcn Pol in der Erscheinungen Flucht." 

Schiller. 
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PRAYER AJfD NATURAL LAW. 

Thb aspecta of Nature are more varied and impressive 
in AJpine regions than elsewhere. The mountains iq ttieir 
setting of deep-bine sky; the glow of iinnamcnt and peaks 
at GunrisG and sunset ; the formation and distribution of 
clouds ; the descent of rain, hail, and snow ; the stealthy 
slide of glaciers and the rush of avalanches aiid rivers ; 
the fury of storms ; thunder and lightning, with theii 
occasional accompaniment of blazing woods — all these 
things tend to excite the feelings and to bewilder the mind. 
In this entanglement of phenomena it seems hopeless to 
seek for law or orderly connection. And before the 
thought of law dawned upon the human mind men natu- 
rally referred these inexplicable effects to personal agency. 
The savage saw in the fall of a cataract the leap of a spirit, 
and the echoed thunder-peal was to him the hammei>«lang 
of an exasperated god. Propitiation of these terrible 
powers was the consequence, and sacrifice was offered to 
the demons of earth and air. 

But observation tends to chasten the emotions and to 
check those structural efforts of the intellect which have 
emotion for their base. One by one natural phenomena 
have been associated with their proximate causes; and 
the idea of direct personal volition mixing itself in the 
economy of Nature ia retreating^ more and more. Many of 
ua fear this tendency ; our faitU and feelings are dear to us, 
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and we look with Buspicion and dislike on any pliilosoplij^, 
tlie apparent tendency of which ia to dry up the souL 
Probablyevery change from ancient savagery to our present 
enlightenment excited, in a greater or Icbb degree, a fear 
of this kind. But the fact is, that we have not yet deter- 
mined whether the form under which they now appear in 
the world ia necessary to the life and warmth of reUgioua 
feeling. We may err in linking the imperishable with tha 
transitory, and confound the living plant with the decaying 
pole to which it clings. My object, however, at present 
not to argue, but to mark a tendency. We have ceased to 
propitiate the powers of Nature — ceased even to pray fof 
things in manifeit contradiction to natural laws. In Prot- 
estant countries, at least, I think it is conceded that the 
age of miracles is past. 

The general question of miracles is at present in able 
and accomplished hands ; and were it not bo, my polemical 
acquirements are so limited, that I shoiJd not presume to 
enter upon a discussion of thia subject on its entire merits. 
But there ia one little outlying point, which attaches itself 
to this question, on which a student of science, without 
quitting the ground which strictly belongs to him, may 
offer a remark. 

At the auborge near the foot of the Rhone glacier, I 
met, in the summer of 1858, an athletic young priest, who, 
after a solid breakfast, including a bottle of wine, informed 
me that he had come up to " bless the mountains." This 
was the annual custom of the place. Year by year the 
Highest was entreated, by official intercesBors, to make 
such meteorological arrangements as should insure food 
and shelter for the flocks and herds of the Valaisians. A 
diversion of the Rhone, or a deepening of the river's bed, 
would have been of incalculable benefit to the inhabitants 
of the valley at the time I now mention. But the priest 
would have shrunk from the idea of asking the Omnij 
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tent to open a new ctannel for tho river, or to cause a 
portion of it to flow over the Grimsel PasB, and down the 
vale o£ Oberhasli to Brieutz. This lie would have deemed 
a miracle, and he did not come to ask tho Creator to per- 
form miracles, but to do something' which he manifestly 
thought lay quite within the bounds of the natural and 
non-niiraculoua. A Protestant gentleman, who was present 
at the time, smiled at this recital. He had no iailh in the 
priest's blessing, still he deemed his prayer different in 
kind from a request to open a new river-cut, or to cause 
llie water to flow up-hiU. 

In a sinular manner we Protestants smile at the honest 
Tyrolese priest, who, when he feared the bursting of a 
glacier^am, ofliered the sacriGce of the mass upon the ice 
as a means of averting the calamity. That* poor man did 
not expect to convert the ice into adamant, or to strengthen 
its texture ao as to enable it to withstand the pressure of 
the water ; nor did he expect that his sacriGce would cause 
the stream to roll back upon its source and relieve him, by 
a miracle, of its presence. But beyond the boundaries of 
his knowledge lay a region where rain was generated, he 
knew not ho«F. He was not so presumptuous as to expect 
a miracle, but ho firmly believed that in yonder cloud-land 
matters could be so arranged, without trespass on the 
miraculous, that the stream which threatened him and his 
flock should be caused to shrink within its proper bounds. 

Both these priests fashioned that which they did not 
understand to their respective wants and wishes. In their 
case imagination wrought, unconditioned by a knowledge 
of laws. A similar state of mind was long prevalent 
among mechanicians; many of whom, and some of them 
extremely skilful ones, were occupied a century ago with 
the question of a perpetual motion. They aimed at con- 
etructiug a machine which should execute work without 
the expenditure of power ; und many of them went mad 
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in the pursuit of this object. The laith in sucb a consum- 1 
matioQ, involving as it did immense personal interest t 
the inventor, was extremely exciting, and every attempt t4 
destroy this faith was met by bitter resentment on 1 
part of those who held it. Gradually, however, aa men 
became more and more acquainted with the true functioaa 
of machinery, the dream dissolved. The hope of getting 
work out of mere mechanical combinations diaappearedj 
but still there remained for the speculator a cloud-land 
denser than that which filled the imagination of the Tyrol- 
ese priest, and out o£ which he still hoped to evolve per- J 
pctual motion. There was the mystic store of chemio,! 
force, which nobody understood ; there were heat and ff 
light, electricity and magnetism, all competent to produce I 
mechanical motions.' Here, then, is the mine in which I 
we must seek our gem. A modified and more refined form | 
of the ancient faith revived; and, for aught I know, a 
nant of sanguine designers may at the present moment be 1 
engaged on tho problem which like-niindod men in formCT, ] 
years left unsolved. 

And why should a perpetual motion, even under modem I 
conditions, be impossible ? The answer to thfe question i 
the statement of that great generalization of nxodem sc 
ence, which is known under the name of the Conservation 
of Energy. This principle asserts that no power can make 
its appearance in Nature without an equivalent expenditure 
of some other power ; that natural agents are so related to ■ 
each other as to be mutually convertible, but that no new J 
agency is created. Light rims into heat ; heat into eleo- I 
tricity; electricity into magnetism; magnetism into me- I 
chanical force ; and mechanical force again into light and' I 
heat. The Proteus changes, but he is ever the same; and I 
his changes in Nature, supposing no miracle to supervene, I 
are the expression, not of spontaneity, but oi p/i^aical nece»' -I 
' See Ilelmholtz — " WeciaclwirkiiDg der Tfahirkrtftt" 
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tity. A perpetual motion, then, is deemed impossible, be- 
1 cause it deinauda tbe creation of force, whereas the principle 
\ oE Conservation ia, no creation but infinite conversion. 

It is an old remark that the law which moulds a tear 
also rounds a planet. In the apphcation of law in Nature 
the terms great and small are unknown. Thus the principle 
referred to teaches us that the Italian wind gliding over 
tbe crest of the Matterhom is as firmly ruled as tbe earth 
in its orbital revolution round the sun ; and that the fall of 
its vapor into clouds is exactly as much a. matter of neces- 
sity as the return of the seasons. The dispersion, there- 
fore, of the sbghtest mist by the special voUtion of tlie 
Eternal, would be as much a miracle as the rolling of the 
Rhone over the Grimsel precipices and down Haslithal to 
Brient^ 

It seems to me quite beyond the present power of 

science, to demonstrate that t!ie Tyroleae priest, or his 

colleague of the Rhone valley, asked for an " impOBsibility " 

in praying for good weather; but science can demonstrate 

the incompleteness of the knowledge of Nature which 

limited their prayers to this narrow ground ; and she may 

lessen the number of instances in which we " ask amiss," 

by showing that we sometimes pray for the performance 

of a miracle when we do not intend it. She does assert, 

for example, that, without a disturbance of jiatural law, 

quite as serious as the stoppage of an eclipse, ot tbe rolling 

of tbe St. Lawrence up tbe Falls of Niagara, no act of 

humiliation, individual or national, could call one shower 

from heaven, or deflect toward us a single beam of tlie sun. 

I Those, therefore, who believe that the miraculous is still 

I active in Nature, may, with perfect consistency, join in our 

I periodic prayers for fair weather and for rain : while those 

I who hold that the age of miracles ia pkst, will refuse to 

Ljoin in such petitions. And if these latter wish to fallback 

I Upon such a justification, they may fairly urge that the ■ 
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latest conclusions of science are in perfect accordance with 
the doctrine of the Master Himself, which maoifestlj was 
that the distributioa of natural pheaomena is not affected 
by moral or religious causes, " He maketh His sun to rise 
on the evil and on the good, and sendeth rain on the just 
and on the unjust." Granting "the powej of Free-will in 
man," so strongly claimed by Professor Mansel in his ad- 
mirable defence of the belief in miracles, and assuming the 
efficacy of free prayer to produce changes in external 
Nature, it necessarily follows that natural laws are more oi 
lesB at the mercy of man's volition, and no conclusion 
founded on the assumed permanence of those laws would I 
be worthy of confidence. ' 

It is a wholesome sign for England that she niraibers 
among her clergy men wise enough to understand all this, 
and courageous enough to act up to their knowledge. 
Such men do service to the public character by encourag- 
ing a manly and intelligent conflict with the causes of 
disease and scarcity, instead of a delusive reliance on 
supernatural aid. But they have also a value beyond this 
local and temporary one. They prepare the public mind I 
for changes which, though inevitable, could hardly, without \ 
such preparation, be wrought without violence. Iron ia 
strong ; stUl, water in crystallizing will shiver an iron 
envelope, and the more unyielding the metal is, the worBe 
for its safety. There are men among us who would encom- 
pass philosophic speculation by a rigid envelope, hoping 
thereby to restrain it, but in reality giving it explosive 
force. If we want an illustration of this we have only to 
> look at modem Gome. In Kngland, thanks to men 
stamp to which I have alluded, scope is gradually given t 
thought for ohangea of aggregation, and the envt 
slowly altera its f»rm in accordance with tlie necessities of 1 
the time. 



Thb proximate origin of the foregoing slight article, and probably the 
remoter origin of the next following one, was this : Some years ago, a 
day of prayer and humiliation, on account of a bad harvest, was ap- 
pointed by the proper religious authorities ; but certain clergymen of the 
Church of England, doubting the wisdom of the demonstration, declined 
to join in the services of the day. For this act of nonconformity they 
were severely censured by some of their brethren. Rightly or wrongly, 
my sympathies were on the side of these men ; and, to lend them a help- 
ing hand in their struggle against odds, I inserted the foregoing chapter 
in the little book mentioned on the title-page. Some time subsequently 
I received from a gentleman of great weight and distinction in the scien- 
tific world, and, I believe, of perfect orthodoxy in the religious one, a 
note directing my attention to an exceedingly thoughtful article on 
Prayer and Cholera in the Fall MaU GcKeite, My eminent correspondent 
deemed the article a fair answer to the remarks made by me in 1861. 
I also was struck by the temper and ability of the article, but I could 
not deem its arguments satisfactory, and, in a short note to the editor of 
the FaU MaU OazetU^ I ventured to state so much. This letter elicited 
some very able replies, and a second leading article was also devoted to 
the subject. In answer to all, I risked the publication of a second letter, 
and soon afterward, by an extremely courteous note from the editor, the 
discussion was closed. 

Though thus stopped locally, the discussion flowed in other directions. 
Sermons were preached, essays were published, articles were written, 
while a copious correspondence occupied the pages of some of the re- 
ligious newspapers. It gave me sincere pleasure to notice that the dis- 
cussion, save in a few cases where natural coarseness had the upper 
• hand, was conducted with a minimum of vituperation. The severity 
shown was hardly more than sufficient to demonstrate earnestness, while 
gentlemanly feeling was too predominant to permit that earnestness to 
sontract itself to bigotry or to clothe itself in abuse. It was probably 
the memory of this discussion which caused another excellent friend of 
mine to recommend to my perusal the exceedingly able work which in 
the next article I have endeavored to review. 
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A REVIEW. 



[Fortnightly Review, New Series, vol. i., p. 646.] 



«,'* Mr. Mozley's book belongs to that class of wrillng of which Butler 
may be taken as the type. It is strong, genuine argument about difficult 
matters, fairly tracing what is difficult, fairly trying to grapple, not with 
what appears the gist and strong point of a question, but with what reaOy 
at bottom is the knot of it. It is a book the reasoning of which may not 
satisfy every one. . . . But we thmk it is a book for people who wish to 
see a great subject handled on a scale which befits it, and with a percep- 
tion of its real elements. It is a book which will have attractions for 
those who like to see a powerful mind applying itself^ without shrinking 
or holding back, without trick, or reserve, or show of any kind, as a 
wrestler closes body to body with his antagonist, to the strength of an 
adverse and powerful argument.*' — The Times^ Tuesday^ Jwm 6, 1866. 

" We should add, that the faults of the work are whoDy onthe sur&ce 
and in the arrangement ; that the matter is as solid and as logical as that 
of any book within recent memory, and that it abounds in striking pas- 
sages, of which we have scarcely been able even to give a sample. No 
future arguer against miracles can afford to pass it over.*' — Saturday B^ 
vieWf September 16, 1866. 
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It is my privilege to enjoy the friendship of a select 
numbor of religious men, with whom I converse frankly 
upon theological subjects, expressing without disguise the 
notions and opinions I entertain regarding their tenets, and 
hearing in return these notions and opinions subjected to 
criticism. I have thus far found them liberal and loving 
men, patient in bearing', tolerant in reply, 'who know how 
to reconcile the duties of courtesy witli the earnestness of 
debate. From one of these, nearly a year ago, I received 
a note, recommending strongly to my attention the volume 
of " Bampton Lectures " for 1865, in which the question of 
miracles is treated by Mr. Mozley. Previous to receiving 
this note, I had in part made the acquaintance of the work, 
through the able and elaborate review of it wliich had ap- 
peared in the Times. The combined eiTect of the letter 
and the review was to make the book the companion of 
my summer tour in the Alps. There, during the wet and 
snowy days which were only too prevalent last year, and 
during the days of rest interpolated between days of toil, 
I made myself more thoroughly conversant with Mr, Moz- 
ley's volume. I found it cleiir and strong — an intellectual 
tonic, as bracing and pleasant to my mind as the keen air 
of the mountains was to my body. From time to time I 
jotted down my thoughts regarding it, intending afterward, 
if time permitted, to work them up into a coherent whole. 
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Other duties, however, interfered with the carrying out of 
this intention, and what I wrote last summer I now pub- 
lish, not hoping within any reasonable time to be able to 
render my defence of scientific method more complete. 

Mr. Mozley refers at the outset of his task to the move- 
ment against miraclea which of lato years has taken place, 
and which determined hia choice of a subject. He acquits 
modern science of having had any great share in the pro- 
duction of tiiis movement. The objection against miracles, 
he says, does not arise from any minute knowledge of the 
laTTS of Natxu-e, but simply because they are opposed to 
that plain and obvious order of Nature which everybody 
sees. The present movement is, he thinks, to be ascribed to 
the greater earnestness and penetration of the present age. 
Formerly miraclea were accepted without question, because 
without reflection; but the exercise of what Mr. Mozley 
calls the historic imagination is a characteristic of our owa 
time. Men are now accustomed to place before themselves 
vivid images of historic facts, and when a miracle rises to 
view, they halt before the astounding occnirence, and real- 
iidng it with the same clearness as if it were now passing 
before their eyes, they ask themselves, " Can this have 
taken place f " In some instances the effort to answer thia 
question has led to a disbehef in miracles, in others to a 
strengthening' of belief. The end and aim of Mr. Mozleya 
lectures is to show tliat the strengthening of belief is the 
logical result which ought to follow from the esamination 
of the Ia.at3, 

Attempts have been made by religious men to bring 
the Scripture miracles within the scope of the order of 
Nature, but all such attempts are rejected by Mr. Mozley 
as utterly futile and wide of the mark. Regarding mira- 
cles as a necessary accompaniment of a revelation, their 
evidential value in liis eyes depends entirely upon their 
deviation from the order of Nature. Thus deviating, they 
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auggcst and illustrate to bim a power higlier than tiature, 
a " personal will j " aad tliey commend the person in whom 
thia power is vested as a messenger from on high. With- 
out tbese credentials such a messenger would have no right 
to demand belief, even though liis assertion regarding his 
divine mission were backed by a holy life. Kor is it by 
miracles alone that the order of Nature is, or may be, dis- 
turbed. The mnterial universe is also the arena of " spe- 
cial providences," Under those two heads Mr, Mozley dis- 
turbs the total preternatural. One form of the preternatural 
may shade into the other, as one color passes into aootJier 
in the rainbow; but while the bnc which divides the spe- 
cially providential from the miraculous cannot be sharply 
drawn, their distinction broadly expressed is this, that 
while a special providence can only excite surmise more 
or less probable, it is " the nature of a miracle to give 
proof, as distinguished from mere surmise of divine de- 
sign." 

Mr. Mozley adduces various illustrations of what he re- 
gards to be special providences as distinguished from mira- 
cles, " The death of Anna," he says, " was not miraculous, 
because the coincidence of the death of a hercsiarch taking 
place when it was peculiarly advantageous to the orthodox 
laitb .... was not such as to compel the inference of ex- 
traordinary Divine agency ; but it was a special providence, 
because it carried a reasonable appearance of it The mir- 
acle of the Thundering Legion was a special providence, 
but not a miracle, for the same reason, because the coinci- 
dence of an instantaneous fall of rain in answer to prayer 
carried some appearance, but not proof, of preternatural 
agency." The eminent lecturer's remarks on this head 
brought to my recolleotion certain narratives published in 
Methodist magazines, whicli I used to read with avidity 
when a boy. The title of these chapters, if I remember 
right, was " Tlio Providence of God asserted," and in them 
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the moat extraordinary and excitiog escapes from peril were 
recounted and ascribed to prayer, while equally wonderful 
instances of calamity were adduced as illustratioas of Di- 
vine retribution. In such magazines, or elsewhere, I fouad 
recorded the case of the celebrated Samuel Hick, which, as 
it illustrates a whole class of special provideoces, approach- 
iag in conclusiveness to miracles, is worthy of mention here. 
It is related of this holy man — and I, for one, have no doubt 
of his holiness — that flour was lacking to make the sacra- 
mental bread. Grain was present, and a windmill was 
present, but there was no wind to grind the com. With 
faith, undoubting Samuel Hick prayed to the Lord of the 
winds : the sails turned, the corn was ground, after which 
the wind ceased. According to the canon of the Bampton 
Lecturer, this, though carrying a strong appearance of an 
immediate exertion of Divine energy, lacks by a hair'a- 
breadth the quality of a miracle. For the wind might have 
arisen, and might have ceased, in the ordinary course of 
Nature. Henco the occurrence did not " compel the infer- 
ence of extraordinary Divine agency." In like manner Mr. 
Mozley considers that " the appearance of the cross to 
Constantine was a miracle, or a special providence, ac- 
cording to which account of it we adopt. As only a mete- 
oric appearance in the shape of a cross it gave some token 
of preternatural agency, but not full evidence." 

In the Catholic canton of Switzerland where I now 
write, and still more among the pious Tyrolese, the moun- 
tains are dotted with shrines, containing offerings of all 
kinds, in acknowledgment of special mercies — legs, feet, 
arms, and hands of gold, silver, brass, and wood, according 
as worldly possessions enabled the grateful heart to express 
its indebtedness. Most of these offerings are made to the 
Virgin Mary. They are recognitions of " special provi- 
iences," wrought through the inatrumentaiity of the Mother 
of God. Mr. Mozley's belief, that of the Methodist chron- 
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liialer, and tbat of the Tyrolese peasant, are substantially tbe 
Bsame. Each of tbem assumes that Nature, instead of flow 
I ing ever onward in tbe uninterrupted rhythm of cause and 
lefi'ect, J3 mediately ruled by the free human wilL As rc- 
Vgards direci action upon natural phenomena, man's will is 
fc confessedly powerless, but it ia tbe trigger which, by its 
Bdwq free action, liberates the Divine power. In this sense, 
I And to this extent, man, of course, commands Nature. 

Did the existence of this belief depend solely upon the 
1 material benefits derived from it, it could not, in my opinion, 
last a decade. As a purely objective fact we should soon 
see that the distribution of natural phenomena is unaffected 
by tbe merits or the demerits of man ; that the law of gravi- 
tation crushes the simple worshippers of Ottery St. Mary, 
wbUe singing their hymns, just as surely aa if they were 
engaged in a midnight brawl. The hold of this belief upon 
the buinao mind is not due to outward verification, but to 
the inner warmth, force, and elevation with which it ia com- 
monly associated. It is plain, however, that these feelings 
may exbt under the most various forms. They are not 
limited to Church of England Protestantism — they are not 
even limited to Christianity, Though less refined, they are 
certainly not less strong, in the heart of the Methodist and 
tbe Tyrolese than in the heart of Mr. Mozley. Indeed, those 
feelings belong to the primal powers of man's nature. A 
" skeptic" may Lave them. They find vent in the battle- 
cry of the Moslem. They take hue and form in the hunting" 
ground^of tbe red Indian ; and raise all of them, as they 
raise the Christian, upon a wave of victory, above the ter- 
Jfors of the grave. 

The character, then, of a miracle, as diatingnished from 
i special providence, is that the former furnishes proof, 
jhhile in the case of the latter we have only surmise. Dis- 
polve the element of doubt, and the alleged fact passes from 
|he one class of the preternatural into the other. In other 
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words, if a special providence covld he proved to be a spe- 
cial provideacBj it would cease to be a special providence 
and become a miracle. There is not the least cloudiness 
about Mr. Mozley's meaning' here. A special providence is 
a doubtful miracle. "Why, then, not use the correct phra- 
seology ? The term employed conveys no negative sug- 
gestion, wliereas the negation o£ certainty is the peculiar 
characteristic of the thing intended to be esprcssed. Thfere 
is an apparent unwillingness on the part of Mr. Mozley to 
call a speciuJ providence what his own definition makes it 
to be. Instead of speaking of it as a doubtful miracle, lia i 
calls it " an invisible miracle." He speaks of the point of I 
contact of supernatural power with the chain of causation ' 
being so high up as to be wholly, or in part, out of sight, 
whereas the essence of a special providence is the uncer- 
tainty whether there is any contact at all, either high or 
low. By the use of an incorrect term, however, a grave 
danger is avoided. For the idea of doubt, if kept syBtem- 
atically before the mind, would soon be fiital to the special 
providence as a means of edification. The term employed, 
on the contrary, ittvitea and encourages the trust which is -i 
necessary to sujiplement the evidence. J 

This inner trust, though at first rejected by Mr. Mozley 
in favor of external proof, is subsequently called upon to 
do momentous duty with regard to miracles. Whenever 
the evidence of the miraculous seems incommensurate with 
the fact which it has to establish, or rather when the fact 
is so amazing that hardly any evidence is sufficient to estab- 
lish it, Mr. Mozley invokes " the affections." They must 
urge the reason to accept the conclusion from which unaided 
it recoils. The aflections and emotious are eminently tbf 
court of appeal in matters of real religion, which is a 
of tlie heart, but they are not, I submit, the court in whic 
to weigh allegations regarding the credibility of p 
facts. These must be judged by the dry light of the inl 
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jBct alone, appeals to the affections beiog reserved for cases 
where moral elevatioD, and not historic conviction, is the 
aim. It is, moreover, because the result, in the case under 
consideration, is deemed desirable that the affections are 
called upon to back it. If undesirable, they would, with 
equal right, be called upon to act the other way. Even to 
the disciplined scientific mind this would be a. dangeroiis 
doctrine. A favorite theory — the desire to establish oi 
avoid a certain result — can so warp the mind as to destroy 
its power of estimating facts. I have known men to work 
for years under a fascination of this kind, imable to extri- 
cate themselves from its fatal influence. They had certain 
data, but not, as it happened, enough. By a process esactly 
analogous to that invoked by Mr. Mozley they supplemented 
the data, and went wrong. From that hour their intellects 
were so blinded to the perception of adverse phenomena 
that they never reached truth. If, then, to the disciplined 
scientific mind, this incongruous mixture of proof and trust 
be ijaught with danger, what must it be to the indiscrimi- 
nate audience which Mr. Mozley addresses ? In calling 
upon this agency he acta the part of Frankenstein. It is 
the monster thus evoked that we see stalking abroad, in 
the so-called spiritualistic phenomena of the present day. 
Again, I say, where the aim is to elevate the mind, to ' 
quicken the moral sense, to kindle the fire of religion in the 
Boul, let the affections by all means be invoked j but they 
must not be permitted to color our reports, or to influence 
our acceptance of reports of occurrences in external Nature. 
Testimony as to natural facts is usually worthless when 
wrapped in this atmosphere of the affections, the most 
earnest subjective truth being thus rendered perfectly coin- 
'|>atible with the most astounding objective error. 

There are quostioos in judging of which the affections 

sympathies are often our best guides, the estimation of 

■norul goodness being one of theac. But at this precise 
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point, where they are realJy of use, Mr. Mozley excluded 
tiie affections, aod demands a mintcle as a certificate ( 
character. He will not accept any other evidence of t 
perfect goodness of Christ, " No outward life or c 
be Bays, " however irreproachable, could prove His perfect 
. Biulessness, because goodness depends upon the inward 
motive, and the perfection of the inward motive is not 
proved by the outward act." But surely the miracle ia aa ( 
outward act, and to pass from it to the inner motive i 
poses a greater strain upon logic than that involved i 
ordinary methods of estimating men. There is, at Ics 
moral congruity between the outward goodness' 
inner life, but there is no such congruity between the n 
de and the life within. The test of moral goodness laid 
down by Mr. Mozley is not the test of John, who says, " He 
thatdoeth righteousness is righteous;" nor is it the teat 
of JesuB — " By their fruits ye shall know them ; do men 
gather grapes of thorns, or figs of thistles f " But it is the 
test of another : "If thou be the Sonof God, command that 
these stones be made bread." For my own part, I prefer 
the attitude of Fichte to that of Mr. Mozley. " The Jesus 
of John," says this noble and mighty thinker, " knows no 
other God than the True God, in whom we all are, and live, 
and may be blessed, and out of whom there is only Death 
and Nothingness. And he appeals, and rightly appeals, in 
support of this truth, not to reasoning, but to the inward 
practical sense of truth in man, not even knowing any other 
proof than this inward testimony, ' If any man will do the 
wOl of Him who sent me, he shall know of the doctrine _ 
whether it be of God." ' 

Accepting Mr. Mozley's test, with which alone I am 
dealing, it is evident that, in the demonstration oi'o 
goodness, the quantify of the miraculous comes into plaje 
ILid Christ, for example, limited Himself to the conversloi 
of water into wine, He would have fallen short of the ] 
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I formance of Jaimes and Jambres, for it ia a smaller thing to 
convert one liquid into another than to convert a dead rod 
into a living serpent. But Jannea and Jambres, we are in- 
formed, were not good. Hence, if Mr, Mozley's test be a 
true one, a point must exist, on the one side, of which 
miraculous power demonstratea goodness, while on the other 
Bide it does not. How ia thia " point of contrary flexure " 
to be determined ? It must lie somewhere between the 
magicians and Moses, for within thia space the power passed 
from the diabolical to the Divine. But how to mark the 
point of passage — how, out of a, purely quantitative differ- 
ence in the visible manifestation of power we are to infer a 
total inversion of quality — it is extremely difficult to see. 
Moses, we are informed, produced a large reptile, Jannea 
and Jambres produced a small one. I do not possess the 
intellectual faculty which would enable me to infer from 
those data either the goodness of the one or the badness of 
the other ; and in the highest recorded manifestations of the 
miraculous I am equally at a loss. Let us not play fast and 
loose with the miraculous ; either it is a demonstration of 
goodness ia all cases or in none. If Mr. Mozley accepts 
Christ's goodness as transcendent, because He did such 
frorks as no other man did, he ought, logically speaking, to 
accept the works of those who, in His name, had cast out 
devils, as demonstrating a proportionate goodness on their 
part. But it ia people of thia class who are consigned to 
everlasting fire prepared for the devil and his angels. Such 
zeal as that of Mr. Mozley for miracles tends, I fear, to eat 
his religion up. The logical threatens to stiile the spiritual. 
The truly religious soul needs no miraculous proof of the 
goodness of Christ, The words addressed to Matthew at 
the receipt of custom required no miracle to produce obedi- 
ence. It was by no stroke of the supernatural that Jeaua 
caused those sent to seize Him to go backward and fall to 
the ground. It was the sublime and lioly cfi3uence from 
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within, wliicli needed no prodigy to commend it to the rev . 
erence even of liis foes. 

As regards the function of miracles in the founding of a 
rehgion, Mr. Mozley institutes a comparison between the 
rehgion of Christ fl,nil that of Mahomet, and he derides the 
latter as " irrational " because it does not profess to adduce 
miracles in proof of its supernatural origin. But the re- 
ligion of Mahomet, notwithstanding this drawback, has 
thriven in the ■world, and at one time it held sway over 
larger populations than Christianity itael£ The spread and 
influence of Christiaoity are, however, brought forward by 
Mr. Mozley as *' a permanent, enormous, and incalculable 
practical result" of Christian miracles; and he actually 
makes use of this result to strengthen his plea for the mirac- 
ulous. His logical warrant for this proceeding ia not clear. 
It is the method of science, when a phenomenon presents 
itself to the production of which several elements may con- 
tribute, to exclude them odc by one, so as to arrive at 
length at the truly effective cause. Heat, for example, ia 
associated with a phenomenon ; we exclude heat, but the 
phenomenon remains : hence, heat is not its cause. Mag- 
netism is associated with a phenomenon ; we exclude mag- 
netism, but the phenomenon remains : hence, magnetism is 
not its cause. Thus, also, when we seek the cause of the 
diffusion of a religion— whether it be due to miracles or to 
the spiritual force of its founders — we exclude the miracles, 
and, finding tJie result unchanged, we infer that miracles 
are not the effective cause. This important experiment 
Mahometanism has made for us. It has lived and spread 
without miracles; and to assert, iu the face of this, that 
Christianity has spread because of miracles, is not more op- 
posed to the spirit o£ science than to the common-sense of 
mankind. 

The incongruity of inferring moral goodness from mirac- 
ulous power has been dwelt upon above; in another par^ 
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jocular also the atrain put-upon miracles by Mr, Mozley is, 

% think, more tLan they can bear. In consistency with hia 

ciples, it is difficult to ace how he is to draw from the 

racles of Christ any certain conclusion as to TTin Divine 

iflture. He dwcllavcryforciblyonwhaj he calls "the argu- 

blent from experience," in the demolition o£ which he takes 

[iwident delight. He destroys the argument, and repeats it 

r the mere pleasure of again and again knocking the 

Ibreatli out of it. Experience, ho urges, can only deal with 

1 tiie past ; and the moment wc attempt to project experience 

a hair's breadth beyond the point it hag at any moment 

reached, we are condemned by reason. It appears to me 

that, when be infers from Christ's miracles a divine and 

—altogether superhuman energy, Mr, Mozley placea himself 

isely under this condemnation. For what is hia logical 

round for concluding that the miraclcB of the New Testa- 

^nent illustrate Divine power ? May tbcy not be the result 

■of expanded human power ? A miracle he defines as sorae- 

mpossible to man. But how does he know that the 

Liniracles of the New Testament are impossible to man ? 

Seek as he may, he has absolutely no reason to adduce save 

this — that man has never hitherto accomplished such things. 

But does the fact that man has never raised the dead prove 

y that be can never mise the dead ? " Assuredly not," nraat 

e Mr. Mozley's reply ; " for this would be pushing expcri- 

! beyond the limit it has now reached — which I pro- 

nce unlawful." Then a period may come when man 

dll be able to raise the dead. If this be conceded- — and I 

aee how Mr. Mozley can avoid the concession — it 

sstroys the necessity of inferring Christ's divinity from hia 

pairacles. He, it may bo contended, antedated the humanity 

i the fiiture ; as a mighty tidal-wave leaves high upon tlio 

jcach a mark which by-and-by becomes the general level 

icean. Turn the matter as you will, no other warrant 

trill be found for the all-important conclusion that Christ's 



06 niAGMENTS OF SCTEKCE. 

BiiracleB demonatrate Divine power, than an argumt 
which has been etigmatized by Mr. Mozley as " a rope 
sand " — the argument from experience. 

The learned Bampton Lecturer would be in this po»*' 
tion even if he had seen with his own eyes every miracle 
recorded in the New Testament. But Le has noi seen these 
miracles ; and his intellectual plight is, therefore, worse. 
He accepts these miracles on testimony. Why does he be- 
lieve that testimony f How does he know that it ja not 
delusion; how is he sure that it is not even falsehood? 
He will answer that the writing bears the marks of sobriety 
and truth ; and that, in many cases, the bearers of this mes- 
sage to mankind sealed it with their blood. Granted with 
all mj heart; but whence the value of all this? Is it not 
solely derived from the fact that men, aa we know them, do 
not sacrifice their lives in tbe attestation of that which they 
know to be untrue ? Does not the entire value of the tes- 
timony of the apostles depend ultimately upon our expe- 
rience of human nature? It appears, therefore, that those 
who alleged to have seen the miracles based their inferences 
from what they saw on the argument from experience ; 
that Mr. Mozley bases bis belief in their testimony on 
same argument. The weakness of his conclusion is tmg' 
mented by this double insertion of a principle of belief to 
which he flatly denies rationality. His reasoning, in fact, 
cuts two ways — if it destroys our trust in ILe order of Na- 
ture, it iar more effectually abolishes the basis on whii 
Mr, Mozley seeks to found the Christian rehgion. 

Over this argument from esperience, which, at bottomy 
is his argument, Mr. Mozley rides rough-shod. There is a 
dash of scorn in the energy with which he tramples on it. 
Probably some previous writer had made too much of it, 
and thus invited his powerful assault. Finding the diffi^ 
culty of belief in miracles to arise from their being in 
tradiction to the order of Nature, he set himself to ■ 
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•tile grounds of our belief in that order. With a vigor of 
logic rarely equalled, and with a conBdence in its ooaclii- 
BJona never surpassed, he disposes of this belief ia a manner 

_ealculated to startle those who, without due examination, 
I come to the conclusioa that the order of Nature was 



What we moan, he says, by ovir belief in the order of 
■Nature, ia the belief that the future will be like the past, 
lot, according to Mr. Mozley, the slightest ratiooal 
I basis for this belici^ 

" That anj cause iu Xatura is more permanent than ita eiietuig and 

n eSecU, eilcnding further, and nbmit to produce other and more 

a besides what It haa produced already, we hare no CYidcueo. 

nftgioe," ha. continues, " the ooenrrence of a particular physical 

n for the first time. Upon that aingle occurrence we should 

Q but the very Gustest expectation of another. If it did occur again, 

r twice, ao far from counting on another occurrence, a ceasatioii 

would occur aa the most natural event to us, But let it continue one 

hundred times, and we should find no heaitation in inviting persona from 

a distance lo see it ; and if it oceurred every clay for jearH, its oocur- 

rencB would be a certainty to us, ita cesaatiou a marvel. . . . What 

ground of reaaon can we assign for an eipeclatiun that any part of the 

course of Nature nill be the neit moment what it has been up t^ this 

moment, L e., for our belief in the nniformity of Nature? Noae. No 

demonstrative reaaon can be given, for the contrary to the reourrcni^e of 

B &ct of Mature la no contradiction. No probable reason can he given, 

for sU probable reasoning rtapooting the course of Nature is founded vpau 

this preaumptiolt of likcnesa, and, therefore, cannot bo the foimdetion 

Lpf it. No reaaon can be given for this belief. It ia without a reason. 

■P reals opon no rational grounda, and can be traced to no rational prin- 

|tapte." 

" Every thing," Mr. Mozley, however, adds, "depends 
»n this belief, every provision we make for the future, 
fevery safeguard and caution we employ against it, all cat- 
sulation, all adjustment of means to ends supposes this be- 
lief; and yet this belief has no more producible reason for 
n than a speculation of fancy. . . It ia necessary, all-iui- 
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portant for the purposes of life, but solely piactical, and 
possesses no intellectual character. . . . The proper func- 
tion," coutinuea Mr. Mozley, " of the jncluctiye principle, 
the argument from experience, the belief in the order of 
Nature — by whatever phrase we designate the same instinct 
— is to operate as a practical basis for the afFaira of life and 
the carrying on of human society." To Bum up, the belief 
in the order of Nature is general, but it is " an unintelligent 
impulse, of which we can give no rational account." It is 
inserted in our constitution solely to induce us to till our 
fields, to raise our winter fuel, and thus to meet the future 
on the perfectly gratuitous supposition that that future will 
be like the past, 

" Thus, step by step," says Mr. Mozley, with the empha- 
sis of a man who feels his position to be a strong one, '' has 
phOosophy loosened the connection of the order of Nature 
with the ground of reason, befriending in exact proportion 
as it has done this the principle of miracles," For " tliia 
belief not having itself a foundation in reason, the groimd 
is gone upon which it could be maintained that miracles, 
as opposed to the order of Nature, are opposed to reason." 
When we regard this belief in connection with sdence, " in 
which connection it receives a more imposing name, and is 
called the inductive principle," the result is the same. 
" The inductive principle is only this unreasoning impulse 
applied to a scientiGcallyascertained fact, , . . Science has 
led up to the fact, but there it stops, and for converting 
this fact into a law a totally unscientific principle comes 
into play, the same as that which generalizes the common- 
est observation of Nature." 

The eloquent pleader of the cause of miracles passes 
over without a word^he resulta of scientific investigation 
as proving any thing rational regarding the principles or 
methods by which such results have been achieved. Here, 
as before, he declines the test, " By their fruits shall yo_ 
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7 them." Perliaps tbe best way of proceeding will be 

give one or two examples of t!ie mode in which men of 

! apply the uninteili^nt impulse with which Wr. 

H Mozley credits them, and which shall show by illustration 

the Eurreptitioua character of the method by whicli tlicy 

climb from the region of facts to that of laws. 

It was known before the sixteenth century that, the end 
of an open tube being dipped into water, on drawing an 
air-(ight piston up the tube the water follows the piston, 
and this fact had been turned to account in the construction 
of the common pump. The effect was explained at the 
time by the maxim, " Nature abhors a vacuum." It was 
rot known that there was any limit to the height to which 
tbe water would ascend, until, on one occasion, the garden- 
era of Florence, while attempting to raise the water a very 
great elevation, found that the column ceased at a height 
of thirty-two feet. Beyond this all the skill of the pump 
maker could not get it to rise. The fact was brought to 
the notice of Galileo, and ho, soured by a world which had 
not treated his science over-ldndly, is said to have twitted 
the philosophy of the time by remarking that Nature evi- 
dently abhorred a vacuum only to a height of thirty-two 
feet. But Galileo did not solve the problem. It was taken 
I np by his pupil Torricelli, who pondered it, and while he 
I did so various thoughts regarding it arose in his mind. It 
L occurred to him that the water might be forced up in the 
rtul>e by a pressure applied to the surface of the water out- 
Peide. But where, under the actual circumstances, was such 
I R pressure to be found ? After much reflection, it flashed 
T upon Torricelli that the atmosphere might possibly exert 
the pressure ; that the impalpable air might possess weight, 
md that a, column of water thirty-two feet high might be 
(of the exact weight necessary to hold the pressing of the 
i in equilibrium. 
There is much in this process of pondering and jla 
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results wliicb it is impossible to analyze. It is by a kind of 
inspiration that we rise from the wise and sedulous con- 
templation of facta to the priocipiea on which they depend. 
The mind is, as it were, a photographic plate, which is 
gradually cleansed by the effort to think rightly, and whlcb 
when so cleansed, and not before, receives impressions IJrom 
the light of truth. This passage from facts to principles is 
called induction, which in its highest form ia inspiration ; 
but, to make it sure, the inward sight must be shown 
to be in accordance with outward fact. To prove or dis- 
prove the induction, we njust resort to deduction and ex- 
periment. 

Torricelli reasoned thus ; If a column of water thirty- 
two feet high holds the pressure of the atmosphere in 
equilibrium, a shorter column of a heavier liquid ought to 
do the same. Now, mercury is thirteen times heavier than 
water ; Lence, if my induction be correct, the atmosphere 
ought to be able to sustain only thirty inches of mercury. 
Here, then, ia a deduction which can be immediately sub- 
mitted to experiment. Torricelli took a glass tube a yard 
or so ia length, closed at one end and open at the other, 
and filling it with mercury, he stopped the open end with 
his thumb, and inverted it in a basin filled with the liquid 
metaL One can imagine the feeling with which Torricelli 
'removed his thumb, and the delight ho experienced when 
he found that his thought had forestalled a fact never before 
revealed to human eyes. The column sank, but ceased to 
sink at a height of thirty inches, leaving the Torricellian 
vacuum overhead. From that hour the theory of the pump 
was established. 

The celebrated Pascal followed Torricelli with a still 
further deduction. He reasoned thus : If the mercurial 
column bo supported by the atmosphere, the higher wo 
ascend in the air the lower the column ought to sink, for 
the less will be tlie weight of the air overhead. He ascend- 
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the Puy de Dome, oarrying with him a barometric 
column, and found that as be ascended the mountain tho 
column sank, and that as he descended the column rose. 

Between the time here referred to and the present, 
millions of eiperimenta have been made upon this subject. 
Every village pump is an apparatus for such esperiments. 
In thousands of instances, moreover, pumps have refused 
to work ; but on esamination it has iniaUibly been found 
that the well was dry, that the pump required priming, or 
that some other defect in the apparatus accounted for the 
anomalous action. In every case of the kind the skill o£ 
the pump-maker has been found to be the true remedy. In 
no case has the pressure of the atmosphere ceased ; con- 
stancy, as regards the lifting of pump-water, baa been 
hitherto the demonstrated rule of Nature. So also as regards 
Pascal's experiment. His experience has been the universal 
experience ever since. Men have climbed mountains, and 
gone up in balloons; but no deviittion from Pascal's result 
has ever been observed. Barometers, like pumps, have 
refused to act; but instead of indicating any suspension of 
the operations of Nature, or any interference on the part of 
its Author with atmospheric pressure, examination has in 
every instance fixed the anomaly upon the instruments 
themselves. It is this welding, then, of rigid logic to veri- 
fying &x!t that Mr. Mozley refers to an " unreasoning im- 
pulse." 

Let US now briefly consider the case of Newton. Before 
his time men had occupied themselves with the problem of 
the solar system. Kepler had deduced, from a vast mass 
of observations, the general expressions of planetary motion 
known as " Kepler's laws." It Lad been observed that a 
magnet attracts iron ; and by one of those flashes of inspi- 
ration which reveal to the human mind the vast in the 
minute, the genera! in the particular, it occurred to Kepler, 
that the force by which bodies fall to the earth might also 




9 



62 FRAGMENTS OF SCffiSCE. 

' be an attraction, Neivton pondered all tliesc ttlngs. Ho 
had a great power of pondering. He coidd look into thoi' 
darkest subject until it became entirely luminoua. How. 
this liglit arises we cannot explain ; but, as a ntatter of 
£act, it does arise. Let me remark here, that this power ol 
pondering facts is one with which the ancients could be 
but imperfectly acquainted. They found tbe uncontrolled 
exercise of the imagination too pleasant to expend much 
time in gatiicring and broodiug over facts. Hence it is that 
when those whose educatjon has been derived from the 
ancients speak of " the reason of man," they are apt to 
omit from their conception of reason one of its greatest 
powers. Well, Newton slowly marshalled hia thoughts, or 
rather they came to him while he "intended bis mind," 
rising one after another tike a series of intellectual births 
out of chaos. He made this idea of attraction his own. 
But to apply the idea to the solar system, it was necessary 
to know the magnitude of the attraction and the law of its* 
variation with the distance. His conceptions first of alii 
passed from the action of the earth as a whole, to that of 
its constituents particles, the integration of which composes 
the whole. And persistent thought brought more and 
more clearly out the final divination, that every particle of 
matter attracts every other particle by a force which varies 
inversely as the square of the distance between the par-. 
tides. This is Newton's celebrated law of inverse squareB.i 
Here we have the flower and outcome of hia induction ; 
how to verify it, or to disprove it, was the next questioiu. 
The first step of Newton in this direction was to prove, 
mathematically, that if this law of attraction be the true 
one ; if the earth be constituted of particles which obey 
this law ; then the action of a sphere equal to the earth in 
size on a body outside of it, is the samo as that whidi 
would be exerted if the whole mass of the sph 
contracted to a point at its centre. Practically spcakinj 
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iben, the centre of tte earth is the point from wliich 
distances must h'i measured to bodica attracted by the 
earth. This was the first-fruit of his dcductioD, 

From experiments executed before his time, Newton 
knew the amount of the earth's attraction at the earth's sur- 
£ice, or at a distance of 4,000 miles from its centre. His 
object now -was to measure the attraction at a greater dis- 
tance, and thus to determine the law of its diminution. 
But how was he to find a body at a sufficient distance? 
He had no balloon, and even if had, he knew that any height 
which he could attain would be too small to enable him to 
Bolve his problem. What did he do ? He fixed his thoughte 

' upon the moon — a body at a distance of 340,000 miles, or 

, sixty times the earth's radius from the earth's centre. Ho 
virtually weighed Ihe moon, and found that weight to be 
yjYir*^ ^^ what it would be at the earth's surface. This ia 
exactly what his theory required, I will not dwell here upon 
the pause of Newton after his first calculations, or speak of 
his self-denial in withholding them, because they did not 
quite agree with the observations then at his command. 
Newton's action in this matter is the normal action of the 
scientific mind. If it were otherwise — if scientific men were 
not accustomed to demand verification — ^if they were satis- 
fied with the imperfect while the perfect is attainable, their 
science, instead of being, as it is, a fortress of adamant, 
would be a house of day, ill-fitted to bear the buffetings of 
the theologic storms to which it has been from time to time, 

I and IB at present exposed. 

' Thus, we see, that Newton, like Torricelli, first pondered 
his fiiets, illuminated them with persistent thought, and 
finally divined the character of the force of gravitation. But 
having thus travelled inward to the principle, he had to re- 
verse his steps, carry the principle outward, and justify it 
by demonstniting its fitness to external Nature. This he 
did by determining the attraction of the earth and moon. 
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And here, in passing, I would notice a point wliich is ] 
well wurtby of attention. Kepler liad deduced liis laws | 
from observation. As far back as those observations ex-" 
tended, the planetary motions had obeyed these laws ; and, 
neither Kepler nor Newton entertained a doubt aa to their 
continuing to obey them. Year after year, as the ages 
rolled, they believed that those laws would continue to 
illustrate themselves in the heavens. But this was not suf- 
ficient. The scientific mind can find no repose in tlie mere 
registration of sequence in Nature, The further question 
intrudes itself with resistless might ; whence cornea the 6&- 
quence ? What is it that binds the consequent with ita BUtt't 
tecedeiit in Nature f The truly scientific intellect never cattl 
attjiin rest until it reaches the^orce* by which theobserveftl 
succession is produced. It was thus with Torricelli ; it wasi'] 
thua with Newton ; it is thiis preSminently with the r 
BCtentific man of to-day. In common with the most igno- 
rant, he shares the belief that spring will succeed winter,. B 
that summer will succeed spring, that autumn will succeed; I 
Bununer, and that winter will succeed autumn. But 1 
knows still further — and this knowledge is essential ,to bis 
intellectual repose — that this Buccession, besides being per- 
manent, is, under the circumstances, necessary j that the 
grapitating force exerted between the sun, and a revolving, 
sphere with an axis inclined to the plane of ita orbit, must I 
produce the observed succession of the seasons. Not unldl,'! 
this relation between forces and phenomena has been ea^ I 
tabljshed ia the law of reason rendered concentric with the> 1 
law of Nature, and not until tbis is effected does the mind J 
of the scientific philosopher rest in peace. 

The expectation of fikencss, then, in the procession of J 
phenomena is not that on which the scientific mind found] 
its belief in the order of Nature. If the force be permaner, 
the phenomena are necessary, whether they resemble or do'] 
not resemble any thing that has gone befora Eenee, i 
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Ijudging of the order of Nature, our inquiries eventually 
relate to tiie permanence of force. From Galileo to Newton, 
frora Newton to our own time, eager eyes have been acan- 
aing the heavens, and clear heads have been pondering the 
i^eoomena of the solar system. The same eyes and minds 
have been also observing, eiperimenting, and reflecting on 
the action of gravity at the surface of the earth. Nothing 
bas occurred to indicate that the operation of the law has 
for a moment been suspended; nothing haa ever intimated 
that Nature has been crossed by spontaneous action, or 
that a state of things at any time eaisted which could not 
be rigorously deduced from the preceding state. Given the - 
distribution of matter and tho foreea in operation in the 
time of Galileo, the competent mathematician of that day 
could predict what is now oceurring in our own. We cal- 
oolate eclipses before they have occurred, and find theia 
true to the second. We determine tho dates of those that 
have occurred in the early times of history, and find calcu- 
lations and history at peace. Anomalies and perturba- 
tions in the planets have been over and over again observed, 
but these, instead of demonstrating any inconstancy on the 
part of natural law, have invariably been reduced to eonse- 
quences of that law. Instead of referring the perturba- 
tions of Uranus to any interference on the part of the 
Author of Nature with the law of gravitation, the question 
which the astronomer proposed to himself was, " How, in 
accordance with this law, can the perturbation be pro- 
duced ? " Guided by a principle, he was enabled to fix the 
point of space in which, if a mass of matter were placed, 

observed perturbations would follow. We know the 
;8ult The practical astronomer turned his telescope tow- 

the region which the intellect of the theoretic astrono- 
had already explored, and the planet now named 
Heptune was found in its predicted place, A very re- 
■pectable outcome, it will be admitted, of an impulse which 
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" rests upon no rational grounds, and can bo traced to no 1 
rational principle ; " whict possesses " no intellectual cbaiy | 
acter ; " which " plulosopliy " Iiaa uprooted from " thfl I 
ground of reason," and fixed in that " largo irrational de* j 
partmeut " discovered for it by Mr. Mozley, in the hitherto 4 
unexplored wildemesBos of the human mind. 

The proper function of the inductive principle, or 
belief in the order of Nature, Bays Mr'. Mosley, is " to act 
as a practical basis for the affairs of life, and the carrying 
on of human society." But what, it may be asked, has the 
planet Neptune, or the belts of Jupiter, or the whiteness 
•about the poles of Mars, to do witi the affairs of society ? 
How is society aifected by the fact that the sun's atmos- 
phere contains sodium, or that the nebula of Orion contains 
tydrogen gas ? Ninetcen-twentieths of the force employed 
\n the exercise of the inductive principle, wluch, reiterates 
Mr. Mozley, is "purely practical," have been expended upon 
subjectfl aB unpractical as these. 'What practical interest 
has society in the fact that the spots on the sun have a 
decennial period, and that when a magnet is closely 
watched for half a, century, it is found to perform small 
motions which synchronize with the appearance and disap~ 
pearance of the solar spots ? And yet, I doubt not. Sir 
Edward Sabine would deem a life of intellectual toil amply ^ 
"ewarded by being' privileged to solve, at its dose, theaeJ 
■nfinitesimal motions. 

The inductive principle is founded in man's desire to^j 
(mow — a desire arising from his position among phenom- 
ena which are reducible to order by his intellect. The 
material universe is the complement of the intellect, and i 
without the study of its laws reason would never have A 
awoke to its higher forms of self-eonsciousncss at alL 
is the non-ego, through and by which the ego is endowed ] 
with self-discernment. We hold it to bo an cxerclst: 
ceason to explore the meaning of a universe to which wa J 
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stand io this relation, and tlie work we have accomplished 
13 the proper commentary on the metJiods we have pursued. 
Before these methods were adopted the unbridled imagi- 
nation roamed through Nature, putting in the phice of 
law the figments of superstitious dread. For thousands of 
years witchcraft, and magic, and miracles, and special provi- 
dences, and Mr. Mozlej'a " distinctive reason of man," had 
the world to themselves. They made worse lian nothing 
of it — worse, I say, because tliey let nnd hindered those 
who might have made something of it. Hence it is that 
during a single lifetime of this era of " unintelligent im- 
pulse," the progress in natural knowledge is all but infinite 
us compared with that of the ages wliich preceded ours. 

The believers in magic and miracles of a couple of 
centuries ago had all the strength of Mr, Mozley's present 
logic on their side. They had done for themselves what 
he rejoices in having so effectually done for us — cleared the 
ground of the belief in the order of Nature, and declared 
magic, miracles, and witchcraft, to be matters for ordinary 
evidence to decide, "The principle of miracles" thus 
" befriended " had free scope, and we know the result. 
Lacking that rock-barrier of natural knowledge which we, 
laymen of England, now possess, keen juriata and cultivated 
men were hurried on to deeds, the bare recital of which 
makes the blood run cold. Skilled in all the rules of human 
evidence, and versed in all the arts of cross-examination, 
these men, nevertheless, went system alically astray, and 
committed the deadliest wrongs against humanity. And 
why ? Because they could not put Nature into the witness- 
box, and question her; of her voiceless "testimony" they 
knew nothing. In all cases between man and man, their 
judgment was to be relied on; but in all cases between 
man and Nature they were blind leaders of the blind." 

were liinig in Suffolk, nnder a acnlfnce of Sit 
.e opportunity or declaring lliat tht reality of 
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Jlr. Moaley concedes tliat it would be no g-reut result 
for miracles to be accepted by the ignorant imdsuperstitiouBj 
"because it is easy to satisfy those who do not inquire." 
But ho does consider it "a great result" that they have 
been accepted by the educated. In what sense educated? 
Like those statesmen, jurists, and church dignitaries whose 
education was unable to save them from the frightful errors 
glanced at above ? Not even in this Eonse; for the great 
mass of Mr. Mozley's educated people had no legal training, 
and must have been absolutely defenceless against delusiona 
which could set even that training at naught. Like nine- 
teuths of oiu- clergy at the present day, they were versed in 
the literature of Greece, Rome, and Judea ; but aa regards 
a knowledge of Nature, which is here the one thing needful, 
they were "noble savages," and nothing more. In the 
case of miracles, then, it behooves us to understand the 
weight of the negative, before we assign a value to the 
positive ; to comprehend the protest of Nature before we 
attempt to measure, with it, the assertions of men. We 
Lave only to open our eyes to see what honest, and even. 
intellectual, men and women are capable of in the way of 
evidence in this nineteenth century of the Christian era, 
and in latitude fifty-two dcgrcca north. Tlie experience 
thus gained ought, I imagine, to influence our opinion 
regarding the testimony of people inhabiting a sunnier 
clime, with a richer imagination, and without a particle of 
■ that restraint which the discoveries of physical science I dve 
imposed upon mankind, 

wiltlicraft was unqueatlonable ; ' for firel, the ScripturcB hud affirmed so ' 
much ; and secondly, the wiedom of all Dations hud provided lava againBl 
Eucb persons, nhich ia an argument of tbcic cooGdetice of such a crime.' 
Sir Thomas Broirnc, who iraa a great phjsicion as ncll as a great irriler, 
wBfl called aa a witness, and swore ' that he was oleai'Iy of opinion that 
the peraoDS were bewitched.' " — LccUj'b Hilary of SaiionaliiBn, voL i. 
p. 120. 
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Having thus submitted Mr. Mozley's views to the ex* 
amination which thej challenged at the hands of a student 
of the order of Nature, I am imwilling to quit his book 
without expressing my high admiration and respect for his 
ability. His failure, as I consider it to be, must, I think, 
await all attempts, however able, to deal with the material 
universe bj logic and imagination, unaided by experiment 
and observation. With regard to the style of the book, I 
willingly subscribe to the description with which the lorries 
winds up its able and appreciative review. " It is marked 
throughout with the most serious and earnest conviction, 
but is without a single word from first to last of asperity or 
insinuation against opponents, and this not from any de- 
ficiency of feeling as to the importance of the issue, but 
from a deliberate and resolutely maintained self-control, 
and from an overruling, ever-present sense of the duty, on 
themes like these, of a more than judicial calmness." * 

[ To the argument regarding the quantity of the mirac- 
ulous, introduced at page 52, Mr. Mozley has done me the 
honor of publishing a reply in the Seventh volume of the 
Contemporary JReview. — ^J. T., 1871.] 
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A LECTURE TO THE WORKING-MEN OF DUNDEEL 



Septemler 6, 1807. 



•• Heard are the voices, 
Heard are the eages. 
The worlds and the ages, 
* Choose well, your choice k 
Brief and yet endless. 

•* • Here eyes do regard you 
In eternity^? stillness ; 
Here is all fulness 
Ye brave to reward you, 
Work and despair not.* " 

GOKTBB. 
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It is the custom of the ProfeBsora in the Eoyal School 
of Minea in London to give courses of evening lectures 
every year to working-men. Each course is duly adver- 
tised, and at a certain hour the working-men assemble to 
purchase tickets for the course. The leeture-room holds 
six hundred people, and tiukets to this amount are diaposod 
of as quickly as they can be handed to those who apply for 
them. So desirous are the working-men of London to 
attend these lecturea, that the persona who fait to obtain 
tickets always bear a large proportion to those who suc- 
ceed. Indeed, if the lecture-room could hold two thousand 
instead of six hundred, I do not doubt that every one of its 
benches would be occupied on these occasions. It is, 
moreover, worthy of remark that the lectures arc but rarely 
of a character which could help the working-man in hia 
daily pursuits. The knowledge acquired is hardly ever of 
a nature which admits of being turned into money. It is a 
pure desire for knowledge, as a thing good in itself, and 
without regard to its practical application, which animates 
these men. They wish to know more of the wonderful 
universe around them ; their minds desire this knowledge 
as naturally as their bodies desire food and drink, and to 
satisfy tliis intelleotual want they come to the School of 
Mines. 

It is also my privilege to lecture to another audience in 
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London, composed in part of the aristocracy of rank, ] 
wliilo the audience just referred to is composed wholly of ' 
the aristocracy of labor. Aa regards attention and coui* 
teay to the lectnirer, neither of these audiences has any 
thing to leant of the other ; neither can claim superiority 
over the other. I do not, however, think that it w< 
be quite correct to take those persona who flock to the ] 
School of Mines as average samples of their class ; they i 
are probably picked men — the aristocracy of labor, as I have 
just called them. At all events, their conduct demonstrates , 
that the essential qualities of a gentleman are confi 
to no class, and they have often raised in my mind the I 
wish that the gentlemen of oU classes, artisans as well a 
lords, could, by some process of selection, be sifted from J 
the general mass of the community, and caused to know I 
each other better. 

When pressed some months ago by the Council of the 
British Association to give an evening lecture to the work- 
ing-men of Dundee, my experience of the working-men of 
London naturally rose to my mind ; and, though heavily 
weighted with other duties, I could not bring myself to de- 
cline the request of the Council. Hitherto, the evening 
discourses of the Association have been delivered before 
its members and associates alone. But after the meeting 
at Nottingham, last year, where the working-men, at their 
own request, were addressed by our late President, Mr. 
Grove, and by my excellent friend Professor Huxley, the 
idea rose of incorporating with all subsequent meetings of 
the Association an address to the working-men of the town 
in which the meeting is held. A resolution to that effect 
was sent to the Committee of li^commendattons ; the com i 
mittee supported the resolution; the CouncU of the Asso-'fl 
ciation ratified the decision of the committee ; and bere 1 ■■T 
im to carry out to tie best of my ability their unitediJ 
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Whether it be a conaequence of long-continued Jevelop* 
l.ttent, or an eodownient conferred once for all on man at 
Efais creation, we find him hero gifted with a mind, curious 
F-to know the causes of things, and surrounded by objects 
■wLich excite its questionings, and raiee the desire for an 
explanation. It is related of a young prince of one of the 
Pacific Islands, that when ho first saw himself in a looking- 
glass, he ran round the glass to see who was standing at 
the back. And tLus it ia with the general human intellect, 
as regards the phenomena of the external world. It wishes 
to get behind and lenm the causes and connections of these 
phenomena. What is the sun, what is the earth, what 
should we see if we came to the edge of the earth and 
looked over? What is the meaning of thunder and light- 
ning, of Lail, rain, storm, and snow V Such questions pre- 
sented themselves to early men, and by-and-by it was dis- 
covered, that this desire for knowledge was not implanted 
in vain. After many trials it became evident that man's 
capacities were, so to epeak, the complement of Nature's 
facta, and that, within certain limits, the secret of the uni- 
verse was open to the human understanding. It was foujiil 
that the mind of man had the power of penetrating far be- 
yond the boundaries of his five senses; that the things 
which are seen in the material world depend for their action 
upon things unseen ; in short, that besides the phenomena 
which address the senses, there are laws and principles and 
processes which do not address the senses at all, but which 
must be, and can be, spiritually discerned. 

There are two things which form, so to say, the sub- 
f Btonce of all scientific thought. The entire play of the 
I scientific intellect is confined to the combination and res- 
[fllution of the ideas of inatter and force. Newton, it ia 
1 Baid, saw an apple fall. To the common mind tliia pre- 
I eented ho difficulty and excited no question. Not so with 
I Newton, Ho observed the fiict ; but one side of his great 
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iattllcctual nature was left unsatisfied by the mere act of 
observation. He sought after the principle which ruled 
the fcct. Whether this anecdote be true or not, it illus- 
trates how tlie ordinary operations of Nature, which most 
people take for granted as perfectly plain and simple, are 
often those which most puzzle the scicntifio man. To the 
conception of the matter of the apple, Newton added that 
of the force that moved it. The falling of the apple was 
due to an attraction exerted mutually between it and the 
earth. Ho applied the idea of thia force to suns, and plan- 
ets, and moons, and showed that all their motions were 
necessary consequences of this attraction. 

Newton, you know, was preceded by a grand felloif 
named John Kepler — a true working-man — who, by analyjs- 
ing the astronomical observations of bis master, Tycho 
Brahe, bad actually found that the planets moved as they are 
now known to move. As a matter of lact, Kepler knew as 
much about the motion of the planets as Newton did; in 
fact, Kepler taught Newton and the world generally the 
facts of planetary motion. But this was not enough. The 
question arose — Wby should the facts bo so ? This waa 
the great question for Newton, and it was the solution of 
tbis question which renders bis name and fame immortaL 
He proved that the planetary motions were what observe ■] 
tion made them to be, because every particle of matter in 
the solar system attracts every other particle by a fores 
which varies as tbe inverse square of the distance between 
the particles. He showed tbat the moon fell toward the 
earth, and that the planets fell toward the sun, through tie 
operation of the same force that pulls an apple from ita 
tree. Tbis all-pervading force, which forms the solder of 
the material universe, and the conception of which waa 
necessary to Newton's intellectual peace, is called the force 
of gravitation. • 

All force may be ultimately reduced to a push or a pull in 
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b straight line ; but its maDifestations arc various, and eome- 
times so complex aa entirely to disguise ita elementaiy con- 
stituents. Its different manifcstationa have received differ- 
ent names. Here, for e.taniple, is a magnet freely suspended. 
I bring the end of a second magnet near one of the ends 
of the suspended one — attraction is the consequence. I re- 
verse tie position of one of the magnets — repulsion follows. 
This display of power is called magnetic force. In the 
case of gravitation we have a simple attraction, in tlio case 
of magnetism attraction and repulsion always go together. 
Thus magnetism is a double force, or, as it is usually called, 
a polar force. Iprescntabitof common iron to the magnet, 
t!ia iron itself becomes » temporary magnet, and it now 
possesses the power of attracting other iron. And if sev- 
eral pieces of iron be presented at the same time, not only 
will the magnet act on them, but they will also act upon 
each other. 

This leads me to an experiment which will give you 
Home idea of how bodies arrange themselves under the 
operation of a polar force, Uuderneath this plate of glass 
is placed a small magnet, and by an optical arrangement 
comprising a powerful lamp, a magnified imago of the mag- 
net is now cast upon the screen before you. I scatter iron 
filings over the glass. You already notice a certain arrange- 
ment of the particles of iron. Their free action is, how- 
ever, hampered by friction, I therefore tap the glass, 
liberate the particles, which, as I tap, arrange themselves in 
these beautiful curves. This experiment is intended to 
make clear to you how a definite arrangement of particles 
■ — a kind of incipient structure — may result from the oper- 
ation of a polar force. We shall by-and-by see far more 
wonderful exhibitions of the same stTuctural action wHod 
wo come to deal with the force of crystallization. 

The magnetic force has here acted upon particles of 
matter visible to the eye. But, as already stated, there are 
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numerous processes in Nature which entirely elude the eye 
of the body, and must be figured by the eye of the mind. 
The processes of chemistry are examples of these. Long' 
thinking and experimenting on the materiala which compose 
our world have led philosophers to conclude that matter is 
composed of atoms from which, whether separate or in com- 
bination, the whole material world ia built up. The air we 
breathe, for eiample, is mainly a mixture of the atoms of 
two distinct substances, called oxygen and nitrogen. The 
water we drink is also composed of two distinct substances, 
called oxygen and hydrogen. But it differs Irom. the air in 
this particular, that in water the oxygen and hydrogen are 
not mechanicaUij mixed, but chemically combined. In fact, 
the atoms of oxygen and those of hydrogen exert enormous 
attractions on each other, so that when brought into sufficient 
proximity they rush together with an almost incredible 
force to form a chemical compound. But powerful as is the 
force with which these atoms lock themselves together, we 
have the means of tearing them asunder, and the agent by 
which we accomplish thb may here receive a few moments' 
attention. 

Into a vessel containing acidulated water I dip these 
two strips of metal, the one being zinc and the other plati- 
num, not pcraiitting them to touch each other in the liquid. 
I now connect the two upper ends of the strips by a piece 
of copper wire. The wire is apparently unchanged, but it 
is not so in reality. It is now the channel of what, for 
want of a better name, we call an electric current — a power 
generated and maintained by the chemical action going on 
in the vessel of acidulated water. What the inner change 
of theivireiawodo not know, but we do know that a change 
lias occurred, by the external effecta produced by the wire. 
Let rae show you one or two of these effects. And here it 
is convenient to operate with greater power than can be ob- 
tained from a single small pair of strips of metal, and a 
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single vessel of acidulated water. Before you is a series of 
ten vessels, each witli its pair of metals, and I wisli to get 
the added force of all ten, Tliia arraDgement is called a 
voltaic battery, I take a piece of copper wire in my band, 
and plunge it among these iron filings ; they refuse to cling 
to it ; the wire has no power over the fihngs. I now em- 
ploy the self-same wire to connect the two ends of the bat- 
tery, and subject it to the same test. The iron filings now 
crowd round the wire and cling to it. This is one of the 
effects of the electric current now traversing the wire. I 
interrupt the current, and the filings immediately fall ; tho 
power of attraction continues only so long as the wire con- 
nects the two ends of the battery. 

Here is a piece of similar wire, overspun with cotton, to 
prevent the contact of its various parts. It is formed into 
a coil, which at present has no power over these iron nails ; 
but I now make the coil part of the wire which connects 
the two ends of the voltaio battery. No visible change baa 
occurred in the coil, but it is no longer what it was. By 
the attractive force with which it has become suddenly en- 
dowed, it now empties this tool-box of its nails. I twist a 
covered copper wire round this common poker. At present 
the poker is powerless over these Iron uaUa ; but when we 
connect with the wire surrounding the poker the two ends 
of the voltaic battery, the poker is instantly transformed 
. into a strong magnet. Here, again, are two flat spirals sus- 
pended facing each other. Tbey are about sis inches 
apart, By turning this handle in a certain direction a cur- 
rent is sent through both spirala, Wlien this is done they 
clash suddenly together, being drawn together by their mu- 
tual attraction. By turning tlie handle in another direction, 
1 reverse what is called the direction of the current in one 
of the spirals, and now theylly asunder, being driven apart 
by their mutual repulsion. All these effects are due to the 
power which we name an electric current, and which we 
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figure as flowing tbrougli the wire when the voltaic circuit 
is complete. 

I have aaiJ that no visible change occurs in the wire 
when the current passes through it. Still a change over 
and above what you have seen really does take place. Lay 
hold of those spirals, and you will find them warm. Let 
me exalt this warmth so as to render it visible to you. In 
front of the table is a thin platinum wire six feet long. On 
sending a current from a battery of fifty pairs of plates 
through this wire it glows, as you see, vividly red. I shorten 
the wire ; more electricity now flows through it, and its 
light becomes more intense. It is now bright yellow, and 
now it 'is a dazzling white. This light is so strong that 
though the wire is not much thicker than a bristle, it ap- 
pears to those on the nearest benches as thick as a quill; 
while to those at a distance it appears as thick a3 a man's 
finger. This effect, which we call irradiation, is always pro- 
duced by a very strong light It is this same electric cur- 
rent that furnished us with the powerful light employed in 
one of our first experiments. The lamp then made use of 
is provided with these coke rods ; and when the electric 
current passes between them we obtain a light almost as 
brilliant as that of the sun. 

And now let us return to tlie point at which the elec- 
tric current was introduced — the point, namely, where the 
tearing asunder of the locked atoms of a chemical com 
pound was spoken of. The agent by which we effect this 
is also the electrio curront; and I hope to make its action 
visible to you all. Into this small cell, containing water, 
dip two thin wires. By moans of a solar microscope and 
Hjo powerful light of our electric lamp, a magnified image 
of this cell is thrown iipon the screen before you. You 
Bee plainly the images of the wires. And now I send 
from a second small battery which rests upon this table an 
electric current from wire to wire. Bubbles of gas rise 
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umaediately from each of tbcm, and these arc tlie two 
gases of which the water is composed. The oiygen is 
always liberated on the one wire, the hydrogen on the 
other. The two gases may be collected Bcparulciy ; in 
fact, they have been thus collected in these jara. A lighted 
taper placed in one jar influnies the gas, which proves it to 
be hydfogen ; a bumiug emijer of wood placed in the 
other jar instantly biirata into vivid combustion, which 
proves the gas in the jar to be osygen. I place upon my 
hand a soap-bubble filled with a mixture of both gases in 
the exact proportions in which they exist in water. Apply- 
ing a taper to the bubble, a loud explosion is heard. The 
gases have rushed together with detonation, but without 
injury to my hand, and the water from which they were 
extracted is the result of the reunion. 

I wish you to see with the utmost possible clearness 
what has here taken place. First, then, you are to re- 
member that to form water the proportions by weight of 
oxygen and hydrogen are as eight to one. Eight ounces 
of oxygen, for example, unite with one of hydrogen to 
form nine ounces of water. But if, instead of comparing 
weights, we compare volumes, two volumes of hydrogen 
unite with one of oxygen to form water. Now, these vol- 
umes, and not the weights, express the proportions in 
which the atoms of hydrogen unite with those of oxygen. 
In the act of combination two atoms of hydrogen combine 
with one of oxygen to form what we call the molecule of 
water. Every such molecule is a group of three atoms, 
two of which are hydrogen and one oxygen. 

One consequence of the rushing together of the atoms 
is the development of heat. What is this heat ? How 
are we to figure it before our minds ? I do not despair of 
being able to give you a tolerably distinct answer to this 
question. Here are two ivory halls suspended from the 
same point of support by two short strings. I draw them 
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tlius apart and then liberate them. Tlicy clash together, 
but, by virtue of their elasticity, they quickly recoil from 
each other, and a sharp vibratory rattle succeeds their col- 
liaion. This esperimeut will enable you to figure to your 
mind a pair of dashing atoms. We have, in the first place, 
a motion of the one atom toward the othej^— a motion of 
translation, as it is usually called. But when the atoms 
come sufEciently near each other, elastic repulsion Bets in, 
the motion of translation is stopped and converted into a 
motion of vibration. To thia vibratory motion we give the 
name of heat. Thus, three things are to be kept before 
the mind — first, the atoms themselves ; secondly, the force 
with which they attract each other; and thirdly, the mo- 
tion consequent upon the exertion of that force. This mo- 
tion must be figured first as a motion of translation, and 
then as a motion of vibration ; and it is not until the mo- 
tion reaches the vibratory stage that we give it the name 
of heat. It is thia motion imparted to the nerves that pro- 
duces the sensation of heat. 

It would be useless to attempt a more detailed descrip- 
tion of this molecular motion. After the atoms have 
been thrown into this state of agitation, reiy complicated 
motions must ensue froni their incessaat collision. There 
must bo a wild whirling about among the molecules. For 
some time after the act of combination this action is ao 
violent as to prevent the molecules from coming together. 
The water is maintained for a time in a state of vapor. 
But as the vapor cools, or in other words loses its mo ] 
tion, the water molecules coalesce to form a liquid. And 1 
now we are approaching a new and wonderful display of J 
force. No one who bad only seen water in its vaporous w.l 
liquid form could imagine the existence of the forces now J 
to be referred to ; for as long as the substance remains iA-M 
a liquid or vaporous condition, the play of these forces ia.j 
ultogRther masked and hidden. But let the heat be gradi:^! 
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*Uy ivitlidrawn, the aatagonist to their union being ro 
moveJ, tlie molecules prepare for new arrangements wij 
combinations. Like tlie particles of iron in our ma^netio 
eiperiment, the wnter molecules arc endowed with altructive 
and repulsive poles, and tbej' arrange themsctres togetbcr 
in accordance with these attractions and repulsions. Sulid 
crystals of water are thus formed, to which we give the fiv- 
miliar name of ice. To the eye of sdence these ice-cryatjJs 
are as precious as the diamond — as purely formed, as deli- 
cately built. Where do disturbing causes intervene, there 
is no disorder in this crystalline architecture. By their own 
constructive power molecule builds itself on to molecule 
with a precision far greater than that attainable by the 
hands of man. "Wc are apt to overlook the wonderful when 
it becomes common. Imagine the biicks and stones of 
this tovra of Dundee endowed with locomotive power. Im- 
agine them attractiog and repelling each other, and arrang- 
ing themselves in consequence of these attractions and re- 
, pulsions to form streets and bouses and Kiunalrd Halls; 
would not that be wonderful? Hardly less wonderful is 
tlie play of force by which the molecules, of water build 
Lhemselves into the sheets of crystal which every winter 
roof your ponds and lakes. 

If I could show you the actual progress of tiiis molecu- 
lar architecture, its beauty would delight and astonish you. 
A reversal of the process may be actually shown. The 
molecules of a piece of ice may be taken asunder before 
your eyes, and from the manner in which they separate, you 
may to some extent infer the manner in which they aggre- 
gate. When a beam is sent from our-electric lamp through 
a plate of glass, a portion of the beam is intercepted, and 
the glass is warmed by the portion thus retained within it. 
When the beam is sent through a. plate of ice, a portion 
of the beam is also absorbed ; but instead of warming the 
ice, the intercepted heat melts it internally. It is to the 
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delicate, silent action of this beam wittin tlie ice that 1 
now wish to direct yonr attention. Upon the screen ia 
thrown a magnified image of the slab of ice : the light of 
the beam passes freely through the ice without melting it, 
and enables us to form the image, but the heat of the 
beam is in great part intercepted by the ice, and that heat 
now applies itself to the work of internal liquefaction. 
Obaerve those stars breaking out over the white surface, 
and expanding in size as the action of the beam continues. 
These stars are liqueSed ice, and each of them, you ob- 
serve, has six rays. They still more closely resemble 
flowers, each of six petals. Under the action of the heat 
the molecules of the ice fall asunder, so as to leave be- 
liind them these exquisite forma. We have here the pro- 
cess of crystallization reversed. In this fashion, and 
strict accordance with this hexangular type every ice mole- 
cule takes its place upon o\a ponds and ]akcs during the 
frosts of winter. To use the language of an AmerioaB 
poet, " the atoms march in tune," moving to the music of 
law, which thus renders the commonest substance in Na^ 
tore a miracle of beauty. 

It ia the function of science, not as some think to divest, 
this universe of its wonder and its mystejy, but, as in tho 
case here before us, to point out the wonder and the 
mj'stery of oommon tilings. Those fem-like forms, which 
on a frosty morning overspread your window-panes, illuo- 
trate the action of the same force. Breathe upon such a 
pane before the fires are lighted, and reduce the sobd crys- 
talluie fihn to the liquid condition, then watch its subse- 
quent appearance. You will see it all the better if you 
look at it through a common magnifying-glass. After you 
have ceased breathing, the film, abandoned to the action of 
its own forces, appears for a moment to be alive. Lines of 
motion run through it ; molecule closes with molecule, until 
finally ilie whole film passes from the state of liquidity, 
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throiigli tliis state of motion, to its final crystalline re- 
pose. 

I can allow you something similar. Over a piece of 
perfectly clean glass I ponr a little water in wliicb a crystal 
has been dissolved. A film of the solution clings to the 
glass, and this film will now be caused to crj^atallize bcforo 
your eyes. By means of a microscope and a lamp, an image 
of the plate of glass is thrown upon the screen. The beam 
of the lamp, besides illuminating the glass, also heata it; 
evaporation sets in, and, at a certain moment, when the 
solution has become supersaturated, splendid branches of 
crystals shoot out over the screen. A dozen square feet of 
surface are now covered by those beautiful forms. With 
another solution we obtain crystalline spears, feathered 
right and left by other spears. From distant nuclei in 
the middle of the field of view the spears shoot with magical 
rapidity in all directions. The film of water on a window- 
pane on a frosty morning exhibits ofFccts quite as wonderful 
as these. Latent in this formless solution, latent in every 
drop of water, lies this marvellous structural power, which 
only requires the withdrawal of opposing forces to bring it 
into action. 

Our next experiment on crystallization you will probably 
consider more startling even than these. The clear liquid 
now held up before you is a solution of nitrate of silver — a 
compound of silver and nitric acid. When an electric cur- 
rent is sent through this liquid the eUver is severed from 
the acid, as the hydrogen was separated from the oxygen 
in a former experiment ; and I woidd ask you to observe 
how the metal behaves when its molccnles are thus succes- 
sively sot free. The image of the cell, and of the two wires 
which dip into the liquid of the cell, arc now clearly shewn 
upon the screen. Let us close the circuit, and send the 
current through the liquid. From one of the wires a beau- 
tiful silver tree commences immediately to sprout, Eranohea 
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of the metal are tHrovm out, and umbrageoua foliage loads 
the branches. You have here a growth apparently as won- 
derful as that of any vegetable perfected in a minute before 
your eyes. Substituting for the nitrate of silver acetate of 
lead, which is a compound of lead and acetic acid, the 
electric current severs the lead from the acid, and there jou 
aee the metal slowly branching into these exquisite metallic 
ferns, the fronda of which, as they become too heavy, break 
from their roots and fall to the bottom of the cell. 

These experiments show that the common matter of our 
earth—" brute matter," as Dr. Young pleases to call it — 
when its atoms and molecules are permitted to bring their 
forces into free play, arranges itaeK, under the operation of 
these forces, into forms which rival in beauty those of the 
vegetable world. And what is the vegetable world itself 
but the result of the complex play of these molecular forces ? 
Here, as elsewhere throughout Nature, if matter moves, it 
is force that moves it; and If a certain structure, vegetable 
or mineral, is produced, it is through the operation of the 
forces exerted between the atoms and molecules, These 
atoms and molecules resemble little magnets with mutually 
attractive and mutually repellant poles, Tlie attracting 
poles unite, the repellant poles retreat, and vegetable as 
well as mineral forms are the final expression of this com- 
plicated molecular action. 

In the formation of our lead and silver trees, we needed 
an agent to wrest the lead and the silver from the acida 
with which they were combined. A similar agent ia re- 
quired in the vegetable world. The solid matter of which 
our lead and sUver trees were formed was, in the first in- 
stance, disguised in a transparent liquid ; the solid piatter 
of which our woods and forests are composed is also, for 
the most part, disguised in a transparent gas, which is 
mixed in small quantities with the air of our atmosphere. 
This gas is formed by the union of carbon and oxygen, and 
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IS called carbonic acid gas. Two atoms of oxygen and one 
of carbon unite to form the molecule of carbonic acid wbiot, 
B8 I have said, is the material from ■whidi wood and vege- 
table tisBUGs are mainly derived. The carbonic acid of the 
air "being subjected to an action somewhat analogous to 
that of the electric current in the case of our lead and silver 
solutions, has its carbon liberated and deposited as woody 
fibre. Tbe watery vapor of the air is subjected to similar 
action; its hydrogen is liberated from its oxygen, and lies 
down side by side with the carbon in tlie tissues of the 
tree. Tbe oxygen in both cases is permitted to wander 
away into the atmosphere. But what is it which thus tears 
the carbon and the hydrogen from the strong embrace of 
the osygcn? What is it in Nature that playa the part of 
the electric current in our esperiments? The rays of the 
Bun. The leaves of the plants absorb both the carbonic 
acid and the aqueous vapor of the air; these leaves an- 
swer to the cells in which our decern posititMis by the electric 
current took place. In the leaves the solar rays decompose 
both the carbonic acid and the water, permitting the oxygen 
in both cases to escape info the air; and allowing the carbon 
and the hydrogen to follow tbe bent of their own forces. 
And just as the molecular attractions of the silver and the 
lead found expression in the production of those beautiful 
brandling forms seen in our experiments, so do the molecular 
attractions of the liberated carbon and hydrogen find ex- 
pression in the architecture of grasses, plants, and trees. 

In the &1] of a cataract and the rush of the wind we 
have examples of mechanical power. In the combinations 
of chemistry and in the formation of crystals and vegetables 
we have examples of molecular power. But before i)ro- 
ceeding further I should liie to make clear to you the 
present condition of the surface of our globe with reference 
to power generally. You have learned how tbe atoms of 
oxygen and hydrogen rush together to form water. I have 
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Dot thought it necessary to dwell upon the mighty mechani- 
cal energy of their act of combiuatioo, but, in passing^ I 
would Siiy that the clashing together of 1 lb. of hydrogen 
aud 8 lbs. of oxygea to form 9 Iba. of aqueous vapor, is 
greater than the clash of a weight of 1,000 tons ialling 
from 3 height of 20 feet against the earth. Now, in order 
that the atoms of oxygen and hydrogen should rise by their 
mutual attractions to the velocity corresponding to this 
enormous mechanical effect, a certain distance must exist 
between the particles. It is in rushing over this that the 
velocity is attained. 

This idea of distance between the attracting atoms is of 
the highest importance iu our conception of the system of 
the world. For the world may be dirided into two kinds 
af matter ; or rather the matter of the world may be classi- 
fied under two dbtiact heads — namely, of atoms and mole- 
cules which have already rushed together and thus satisfied 
their mutual attractions, and of atoms and molecules which 
have not yet rushed together, and whose mutual attractions 
are, therefore, as yet unsatisfied. Now, as regards motive 
power, the working of machinery, or the performance of 
mechanical work generally, by means of the materials of 
the earth's crust, we are entirely dependent on those atoms 
and molecules whose attractions are as yet unsatisfied. Those 
attractions ean produce motion, because sufficient distance 
intervenes between the attracting molecules, and it is this 
molecular motion that we utilize in our machines. Thus 
we can get power out of oxygen and hydrogen by the act 
of their union, but once they are combined, and onco the 
motion consequent on their combination has been expended, 
no further power can be got out of the mutual attraction 
of oxygen and hydrcgen. As dynamic agents they are 
dead. If we examine the materials of which the earth's 
cniat is composed, we find them to consist for the most part 
of substances whose atoms have already closed in chemical 
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noion — whose mutual attractions are satisfied. Grauite, 
for instance, is a wideiy-diffuscd substance, but gniuite 
consists, in great part, of silicon, osygcn, potassium, cal- 
, and aluminum, the atoms of which substances met 
long ago in chemical combination, and are therefore dead. 
Limestone is also a widely-diffused substance. It is com- 
posed of carbon, oxygen, and a metal called calcium. But 
the atoms of those substances closed long ago in chemical 
in, and are therefore dead. And in this way wc miglit 
T the whole of the materials of the earth's crust, and 
satisfy ourselves that though they were sources of power in 
ages past, and long before any being appeared on the 
surface of the earth capable of turning their power to 
account, they are sources of. power no longer. And hero 
we might halt for a moment to remark on that tendency, 
so prevalent in the worlJ, to regard every thing as made for 
human use. Those who entertain this notion hold, I think, 
an overweening opinion of their own importance in the 
system of Nature. Flowers bloomed before men saw them, 
and the quantity of power wasted before man could utilize 
it is all but infinite compared with what now remains to be 
applied. The healthy attitude of mind with reference to 
this subject is that of the poet, wlio, when asked whence 
' came the rhodora, replied : 

" Wty thou wort tlicre, rival of the vasa I 
I never thought to aak, I never knew, 
Bot in my einipla ignorance anpposed 
The aelf-Bamfl ponor thai brought me there brought joii." ' 

A few exceptions to this general state of union of the 
particles of the earth's crust — ad-important to us, but trivial 
in comparison to the total store of which they are tlie resi- 
due — still remain. They constitute our main sources of 
motive power. By far the most important of these arc our 
' Emerson. 
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be^B of coal, composed chiefly of carbon, whicli lias not yet 
closed in chemical union with oxygen. Distance still inter- 
venes between the atoms of carbon and those of oxygen, 
across which the atoms may be impelled by their mutual 
attractions, and we can do nothing more than utilize the 
motion produced by this attraction. Once the carbon and 
the oxygen have rushed together, bo as to form carbonio 
acid, their mutual attractions are satisfied, and, while they 
continue in this condition, as dynamic agents they are dead. 
A pound of coal produces by its combination with oxygen 
an amount of heat which, if mechanically applied, would 
raise a weight of 100 lbs. to a height of twenty miles above 
the earth's surface. Conversely, 100 lbs. falling from a 
height of twenty miles, and striking against the earth, 
would generate an amount of heat equal to that devet 
oped by the combustion of a pound of coal. Wherever 
work is done by heat, heat disappears. A gun whidi fireo 
a ball is less heated than one which fires blank cartridga 
ITjq quantity of heat communicated to the boiler of a 
working steam-engine is greater than that which could be 
obtained from the rccondensation of the steam after it had 
done its work ; and the amount of work performed is the 
exact equivalent of the amount of heat missing. We dig 
annually nearly 100 millions of tons of coal from our pits. 
The amount of mechanical force represented by this quantity 
of coal seems perfectly fabulous. The combustion of a 
single pound of coal, supposing it to take place in a minute, 
■ would be equivalent to the work of 300 horses; and if we 
suppose 120 millions of horses working day and night with 
unimpaired strength, for a year, their united energies would 
enable them to perform an amount of work just equivalent 
to the heat to be derived from the annual produce of our 
coal-fields. Our woods and forests are also sources of 
mechanical energy, because they also have the power of 
uniting with the atmospheric oxygen, and the molecular 
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motion produced in the act o( imion may bo turned to 
mechanical account. Passing from dead matter to living 
matter, we find that the source of motive power here re- 
. ferred to is also the source of muBcuIar power. A horee 
can perform work, and so can a man, but this work is at 
bottom the molecular work of the elements of the food and 
the oxygen of the air. We inhale this vital gas, and bring 
it into EufBciently close proximity with the carbon and the 
hydrogen of the food. They unite in obedience to their 
mutual attractions, and their motion toward each other, 
properly turned to account by the wonderful mechanism of 
the body, becomes muscular motion. 

One fundamental thought pervades all these statements: 
there is ont!-tap root from which they all spring. This is 
the ancient maxim that out of nothing nothing comes ; that 
neither in the organic world nor in the inorganic is power 
produced without the expenditure of other power ; that 
neither in the plant nor in the animal is there a creation of 
force or motion. Trees grow, and so do men and horses ; 
and here we have new power iocessantly introduced upon 
the earth. But its source, as I have already stated, is the 
Bun. For he it is who separates the carbon from the oxy- 
gen of the carbonic acid, and thus enables them to reconi- 
bine. Whether they recombine in the fiimace of the 
steam-engine or in the animal body, the origin of the power 
they produce is the same. In this sense wo are all " souls 
of fire and children of the sun." But, as remarked by 
Helmholtz, we must be content to share our celestial 
pedigree with the meanest living things. The frog, and 
the toad, and those terrible creatures, the monkey and 
tiie gorilla, draw their power fi«in the same source as 

Some estimable persons, here present, very possibly 
shrink from accepting these statements ; they may be 
frightened by their apparent tendency toward what is called 
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mntcriulism — a, word wiiicli, to many minds, expresses sonio- 
tbing very dreadful But it ought to be known and avowed 
that the physical philosopher, as such, must be a pure ma- 
terialist. His inr[iuries deal with matter and force, and 
with them alone. The action which he has to investigate 
ta necessary action ; not spontaneous action— the transfop- i 
mation, not the creation, of matter and force. And what* J 
ever be the forms which matter and force may assume, J 
whether in the organic world or in the inorganic, whether t 
in the coal-beds and forests of the earth, or in the brai 
and muscles of meo, the physical philosopher will mal 
good his right to investigate them. It is perfectly yain 
attempt to stop inquiry as to the actual and possible actiona i 
of matter and force. Depend upon it, if a ehemist by i 
bringing the proper materials together, in a retort of -I 
crucible, could make a baby, he would do it. There is i 
law, laoral or physical, forbidding him to do it — his i 
quiries in thi3 direction are limited solely by his own c 
pacity and the laws of matter and force. At the present I 
moment there are, no doubt, persons experiraenting' oa I 
the possibility of producing what we call life out of io- | 
organic materials. Let them pursue their studies in peace j,i 
it is only by such trials that they will learn the limits of, I 
their powers. 

But while I thus make the largest demand for freedom J 
of investigation — while I as a man of science feel a natura^'l 
pride in scientific achievement, while I regard science as thi 
most powerful instrument of intellectual culture, aa well a 
the most powerful ministrant to the matcrialwantsof men;' 
if you ask me whether Bcience has solved, or is likely in 
day to solve, the problem of this universe, I must shake my 
head in doubt. You remember the first Napoleon's ques- 
tion, when the savans who accompanied him to Egypt di* j 
cussed in bis presence the origin of the universe, and solved 
it to their own apparent satisfaction. He looked aloft ta I 
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ibe stany heavens, and said, '^ It is all very well, gentle- 
men ; but who made all these ? " That question still re- 
mains unanswered, and science makes no attempt to answer 
it. As iax as I can see, there is no quality in the human 
intellect which is fit to be applied to the solution of the 
problem. It entirely transcends us. The mind of man may 
be compared to a musical instrument with a certain range 
of notes, beyond which in both directions we have an 
infinitude of silence. The phenomena of matter and force 
lie within our intellectual range, and as far as tbcy reach 
we will at all hazards push om: inquiries. But behind, and 
above, and arqund all, the real mystery of this universe lies 
unsolved, and, as far as we are concerned, is incapable of 
solution. Fashion this mystery as you will, with that I 
have nothing to do. But be careful that your concei)tioii 
of it be not an unworthy one. Invest that conception witli 
your highest and holiest thought, but be carcfid of pre- 
tending to know more about it than is given to man to 
know. Be careful, above all things, of professing to see in 
the phenomena of the material world the evidences of Di- 
vine pleasure or displeasure. Doubt those wbo would 
deduce from the fall of the tower of Siloam tbe anger of the 
Lord against those who were crushed. Doubt those equally 
who pretend to see in cholera, cattle-plague, and bad har- 
vests, evidences of Divine anger. Doubt those spiritual 
guides who in Scotland have lately propounded the mon- 
strous theory that the depreciation of railway scrip is a con- 
sequence of railway travelling on a Sunday. Let them not, 
as far as you are concerned, label and libel tbe system of 
Nature with their ignorant hypotheses. Well might the 
mightiest of living Scotchmen, that hero of tbe intellect 
who might have been a hero in the field,* that strong and 
earnest soul who has made every soul of like nature in 
these islands his debtor — ^looking from tbe solitudes of 
thought into this highest of questions, well, I say, might 
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your noble old Carlyle soomfully retort on such interpreters 
of the ways of God to men : 

The Builder of this universe was wise, 
He formed all souls, all systems, planets, particles ; 

The plan he formed his worlds and ^ons by, 
Was — ^Heavens ! — ^was thy small nine-and-thirty articles I 
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** Self-reverence, self-knowledge, self-control, 
These three alone lead life to sovereign power, 
Yet not for power (power of herself 
Would conje uncalled for), but to live by law, 
Acting the law we live by without fear ; 
And, because right is right, to follow right 
Were wisdom in the seem of consequence.*' 

Temntsov. 
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Tkbbb ia an idea regarding the nature of man wliich 
I modern pLilosojilnj has sought, and is still seeking, to raise 
clearness, the idea, namely, of secular growth. Man 
is not a thing of yesterday; nor do I imagine that the 
slightest controversial tinge ia imported into this address 
Tvhen I say that be ia not' a thing of 6,000 years ago. 
Whether he came originally from stocks or stones, fruin 
nebulous gaa or solar fire, I know not ; if he had any such 
OTigin the process of his transformation ia as inscrutable to 
you and to me as that of the grand old legend, according 
to which " the Lord God formed man of the dust of the 
ground, and breathed into his nostrils the breath of life ; 
and man became a living soul." But, however obsciu^ 

t man's origin may be, hia growth is not to be denied. Here 
R little and there a little added through the agea have 
Blowly transformed him from what he was into what he is. 
The doctrine has been held that the mind of the child is lilse 
a. sheet of white paper, on which by education we can write 
what characters we please. This doctrine assuredly nceda 
qualification and correction. In physics, when an external 
force is applied to a body with a view of affecting its inner 
texture, if we wish to predict the result, we must know 
whether the external force conspires with or opposes the 
internal forces of the body itself; and in bringing the influ- 
eoce of education to bear upon the new-born man hia inner 
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powers must be also taken into account. He comes to us 
as a bundle of inherited capacities and tendencies, labelled 
" £roni tbe indefinite past to tlie indefinite future ; " and he 
makes his transit from the one to the other through the 
education of the present time. The object of that educa- 
tion is, or ought to he, to provide wise exercise for his ca- 
pacities, wise direction for his tendencies, and through this 
exercise and this direction to furnish his mind with such 
knowledge as may contribute to the usefulness, the beauty, 
and the nobleness of his life. 

How is this disoipHne to be secured, this knowledge im- 
parted? Two rival methods now solicit attention — the one 
organized and equipped, the labor of centuries having been 
expended in bringing it to its present state of perfection ; 
the other, more or less chaotic, but becoming daily less bo, 
and giving signs of enormous power, both as a source of 
knowledge and as a means of discipline. These two 
methods are the classical and the scientific method. I wish 
they were not rivals ; it is only bigotry and short-sighted- 
ness that make them bo ; for assuredly it is possible to give 
both of them fair play. Though hardly authorized to ex- 
press any opinion whatever upon the subject, I nevertheless 
hold the opinion that the proper study of a language is an 
intellectual discipline of the highest kind. If I except dis- 
cussions on the comparative merits of popery and Protes- 
tantism, English grammar was the most important discipline 
of my boyhood. The piercing through the involved and 
inverted sentences of " Paradise Lost ; " the linking of the 
verb to its often distant nominative, of the relative to its 
distant antecedent, of the agent to the object of the transi- 
tive verb, of the preposition to the noun or pronoun which 
it governed — the study of variations in mood and tense, the 
transformations often necessary to bring out the true gram- 
matical structure of a sentence — all this was to my young 
mind a discipline of the Iiighest value, and, indeed, a source 
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: unflagging delight. How I rejoiced wlicn I found a 
great author tripping, and was fairly able to pin him to a 
comer from whicfi there was no escape ! As I speak, Eonio 
of the sentences wliich exercised me when a boy rise to my 
recollection. "He that hath ears to hear let him hear." 
That was one of them, where the " He " is left, as it were, 
floating in mid air without any verb to support it, I speak 
thus of English because it was of real value to me. I do 
not speak of other languages because their educational value 
for me was almost iusensible. But, knowing the value of 
English so well, I should be tho last to deny, or even to 
doubt, the high discipline involved in the proper study of 
Latin and Greek. 

Thai study, moreover, has other merits and recommen- 
dationa which have been already slightly touched upon. 
It ia organized and systematized by long-continued use. 
It is an instrument wielded by some of the best intellects 
of the country in the education of youth ; and it can point 
to results in the achievements of our foremost men. What, 
then, has science to offer which is in the least degree likely 
to compete with such a system ? I cannot better reply 
Uian by recurring to the grand old story from which I have 
already quoted. Speaking of the world and all that therein 
Lis, of the sky and the stars around it, the ancient writer 
BBBys, " And God saw all that he had made, and behold it 
Pvas very good," It is the body of things thus described 
which science offers to the study of man. Tliere is a very 
renowned argument much prized and much quoted by 
theologians, in which the universe is compared to a watch. 
Let us deal practically with this comparison. Supposing a 
watdimaker, having completed his instrument, to be so 
satisfied with his work aa to call it very good, what would 
you understand him to mean ? You would not suppose 
that he referred to the dial-plate in front and the chasing 
of the case behind, so much as to the wheels and pinions, 
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the Bpringa anJ jewelled pivots of the works within, those 
qualities and powers, in short, which enable the watch to 
perform accurately its work aa a keeper of time. With re- 
gard to the knowledge of such a watch he would be a mci'c 
ignoramus who would content himself with outward inapec- 
tioo. I do not wish- to say one severe word here to-day, 
but I fear that many of those who are very loud in their 
praise of the works of the Lord know them only in this out- 
side and superficial way. It is the inner works of the uni- 
verse which science reverently uncovers ; it is the study of 
these tliat she recommends as a discipHne worthy of all 
acceptation. 

The ultimate problem of physics is to reduce matter by 
analysis to its lowest condition of divisibility, and force to 
its simplest manifestationSj and then by synthesis to eou- 
Btruct from, these elements the world aa it stands. We are 
still a long way from the final solution of this problem ; 
and when the solution comes, it will be one more of spir- 
itual insight than of actual observation. But though we 
are still a long way from this complete intellectual mastery 
of Nature, we Lave conquered vast regions of it, have 
learned their polities and the play of their powers. We 
live upon a baU of matter eight thousand miles in diameter, 
swathed by an atmosphere of unknown height. This ball 
has been molten by heat, chilled to a solid, and sculptured 
by water ; it is made up of substances possessing distinctive 
properties and modes of a'ction, properties which have an 
immediate bearing upon the continuance of man in health, 
and on his recovery from disease, on which moreover de- 
pend all the arts of industrial life. Tliese properties and 
modes of action offer problems to the intellect, some profit- 
able to the child, and others sufficient to tax the highest 
powers of the philosopher. Our native sphere turns on its 
and revolves in space. It is one of a band which do 
the sam<& It is illuminated by a sun which, though nearly 
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\ hundred itiLllioiis of miles distant, can be brought virtuallv 
into our closets and there Eubjcctcd to examination. It 
has its winds and clouds, its rain and frost, ita lig-Iit, heat, 
Bound, electricity, and niag;nctism. And it has its rust 
kingdoms of animals and ycgetablea. To a most amazing 
estent the human mind has conquered these things, and 
revealed the lo^c which runs through tlicm. Were they 
facts only, without logical relationship, science might, as a 
means of discipline, sufTcr in comparison with language. 
But the whole body of phenomena is instinct with law; 
the facts are bung on principles, and the value of physical 
science as a means of discipline consists in the motion of 
the intellect, both inductively and deductively, along the 
lines of law marked out by phenomena. As regards that 
discipline to which I have abeady referred as derivable 
from the study of languages — that, and more, are involved 
in the study of physical science. Indeed, I believe it would 
be possible so to limit and arrange the study of a portion 
of physics as to render the mental exercise involved in it 
almost qualitatively the same as that involved in the un- 
ravelling of a language. 

I have thus far limited myself to the purely intellectual 
side of this question. But man is not all intellect. If he 
were so, science would, I believe, be his proper nutriment 
But he feels as well as thinks; he ia receptive of the sub- 
lime and the beautiful as well as of the true. Indeed, I be- 
lieve that even the intellectual action of a complete man is, 
consciously or unconsciously, sustained by an under-current 
of the emotions. It is vain, I think, to attempt to separate 
moral and emotional nature from intellectual nature. Let 
a man but observe, himself, and he wUl, if I mistake not, 
find that in nine cases out of ten, moral or immoral consid- 
erations, as the case may be, are the motive force which 
pushes his intellect into action. The reading of the works 
of two men, neither of them imbued with the spirit of 
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modem Bcience, neither of them, indeed, friendly to that 
spirit, has placed me Lere to-day. These men are the Eng- 
lish Carlyle and the American Emeraon. I must ever re- 
member with gratitude that through three long, cold Ger- 
man winters Carlyle placed me in my tub, even when ice 
was on its surface, at five o'clock every morning ; not 
slavishly, but cheerfully, meeting each day's studies with a 
resolute will, determined whether victor or vanquished not 
to shrink from difficulty. I never should have gone through 
Analytical Geometry and the Calculus had it not been for 
those men. I never should have become a physical inve^ 
tigator, and hence without them I should not -have 
here to-day. They told me what I ought to do in s 
that caused me to do it, and all my consequent intellectual 
action is to be traced to this purely moral soiurce. To Car- 
lyle and Emerson I ought to add Fichte, the greatest rep- 
resentative of pure idealism. These three unscientific men 
made me a practical scientific worker. They called out, 
" Act 1 " I hearkened to the summons, taking the liberty, 
however, of determining for myself the direction which 
ciTort was to take. 

And I may now cry, " Act 1 " but the potency of actioflt-- 
must be yours. I may pull the trigger, but if the gun 
not charged there is no result We are creators in the 
intellectual world as little as in the physical. Wo 
remove obstacles, and lender latent capacities active, but 
we cannot suddenly change the nature of man. The "new 
J)irth" itself iraphea the pregxistence of the new character 
which requires not to be created but brought forth. You 
cannot by any amoimt of missionary labor suddeoly trt 
form the savage into the civilized Christian. The improi 
ment of man is secular — not the work of an Lour 
day. But though indubitably bound by our organizations, 
no man knows what the potentialities of any human mind 
may be, which require only release to be brought into ao 
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r Idon. Lei me illustrate this poiDt. There are in the 
eral world certain crystals, certain forms, for instance, of 
fluor-spar, which have lain darkly in the earth for ages, but 
wbicb nevertheless have a potency of light locked up within 
them. In their case the potential has never become actual — 
the light is in fact held back by a molecular detent. When 
theae crystals are warmed, the detent la lifted, and an out- 

■>flow of light immediately begins. I know not how many 

»f you may be in the condition of this fluor-spar. For aught 

I know, every one of you may be in this condition, requiring 

it the proper agent to be applied — the proper word to be 

mken — to remove a detent, and to render you conscious 

if light within yourselves and sources of light to others. 

The circle of human nature, then, ia not complete with- 
out the arc of feeling and emotion. The lilies of the field 
have a value for us beyond their botanical ones — a certain 
lightening of the heart accompanies the declaration that 
" Solomon in all his glory was not arrayed like one of these." 
The sound of the village bell which comes mellowed from 
the valley to the traveller upon the hill, has a value beyond 
its acoustical one. The setting sun when it mantles with 
the bloom of rosea the alpine snows, has a value beyond its 
optical one. The starry heavens, as you know, had for Im- 
manuel Kant a value beyond their astronomical one. Round 
about the intellect sweeps the horizon of emotions from 
which all our noblest impulses are derived. I think it very 
desirable to keep this horizon open ; not to permit cither 
priest or philosopher to draw down his shutters between 
you and it. And herethe dead languages, which are sure 
to be beaten by science in the purely intellectual fight, have 
an irresistible claim. Thpy supplement the work of science 
by exalting and refining the aesthetic faculty, and must on 
this account be cherished by all who desire to see human 
culture complete. There must be a reason for the fascina- 
tioa which these languages have so long cscrciscd upon 
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the most powerful and elevated minda — a fascination wliicli 
will probably continue for men of Greek and Eomtto mould 
to the end of time. 

la connection with this question of the emotions one 
very obvious danger besets many of the more earnest spirits 
of our day — the danger of hasle in endeavoring' to give the 
feelings repose. "We are distracted by systems of theology 
and philosophy which were taught to ns when young, and 
which now excite in us a hunger and a thirst for knowledge 
not proved to be attainable. There are periods when the 
judgment ought to remain in suspense, t!ie data on which 
a decision migiit be based being absent. .This discipline 
of suspending the judgment is a common one in science, 
but not so common as it ought to be elsewhere, I walked 
down Regent Street some time ago with a man of great 
gifts and acquirements, discussing with him various theo- 
logical questions. I conoid not accept hia views of the origin 
and destiny of the universe, nor was I prepared to enun- 
ciate any definite views of my own. He turned to me at 
length and said, " You surely must have a theory of the 
universe." That I should ia one way or another have solved 
this mystery of mysteries seemed to my friend a matter of 
course. " I have not even a theory of magnetism," was my 
reply. We ought to leam to wait, and pause before closing 
with the advances of those expounders of the ways of Gdd 
to men, who offer us intellectual peace at the modest cost 
of intellectual life. 

The teachers of the world ought to be its best men, and 
fnr the present at all events such men must leam self-trust. 
They must learn more and more to do without external aid ; 
save such aid as comes from the contemplation of a uni- 
verse, which, though it baffles the intellect, oan elevate the 
heart. But they must leam to feel the mystery of that 
universe without attempting to give it a rigid form, per- 
sonal or otherwise. By the fulness and freshness of their 



AN ADDRESS TO STUDENTS. 105 

own lives and utterances they must awaken life in others. 
The position of science is ahreadj assured, but I think the 
poet also will have a great part to play in the future of tlie 
world. To him it is given for a long time to come to fill 
those shores which the recession of the theologic tide has 
left exposed ; to him, when he rightly understands his mis- 
sion, and does not flinch from the tonic discipline which it 
assuredly demands, we have a right to look for that height- 
ening and brightening of life which so many of us need* 
He ought to be the interpreter of that power which as 

" Jehovah, Jotc, or Lord," 

has hitherto filled and strengthened the human heart. 

Let me utter one practical word in conclusion — take 
care of your health. There have been men who by wise 
attention to this point might have risen to any eminence — 
might have made great discoveries, written great poems, 
commanded armies, or ruled states, but who by unwise 
neglect of this point have come to nothing. Imagine Her- 
cules as oarsman in a rotten boat ; what can he do there 
but by the very force of his stroke expedite the ruin of his 
craft. Take care then of the timbers of your boat, and 
avoid all practices likely to introduce either wet or dry rot 
among them. And this is not to be accomplished by desul- 
tory or intermittent efibrts of the will, but by the formation 
of habits. The will no doubt has sometimes to put forth 
its strength in order to strangle or crush the special tempta- 
tion. But the formation of right habits is essential to your 
permanent security. They diminish your chance of falling 
when assailed, and they augment your chance of recovery 
when overthrown. 

6 
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"As I proceeded I found my philosopher altogether forsaking mind 
or any other principle of order, and haying recourse to air and ether, and 
water, and other eccentricities. I might compare him to a person who 
began by maintaining generally that mind is the cause of the actions of 
Socrates, but who, when he endeayored to explain the cause of my seveial 
actions in detail, went on to show that I sit here because my body is 
made up of bones and muscles ; and the bones he would say are hard 
and haye ligaments which diyide them, and the muscles are^lastic, and 
they cover the bones, which have also a covering or environment of flesh 
and skin which contains them ; and aa the bones are lifted at their joints 
by the contraction or relaxation of the muscles, I am able to bend my 
limbs, and this is why I am sitting here in a curved posture ; that is 
what he would say, and he would have a similar explanation of my talk- 
ing to you, which he would attribute to sound, and air, and hearing, and 
he would assign ten thousand other causes of the same sort, forgetting to 
mention the true cause, which js that the Athenians have thought fit to 
condemn me, and accordingly I have thought it better and more right to 
remain here and undergo my sentence ; for I am inclined to think that 
these muscles and bones of mine would have gone off to Megara or 
Bceotia — ^by the dog of Egypt they would, if they had been guided by 
their own idea of what was best, and if I had not chosen as the better and 
nobler part, instead of playing truant and running away, to undergo any 
punishment which the State inflicts.'* — ^Plato, JoweWs Trandation^ 
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The celegrated Fichtb, in Lis lectures on the " Vo- 
cation of the Scholar," insisted on a culture wliich should 
not bo one-aidcci, bat all-sided. The scholar's intellect 
u was to e;cpand Bpherically and not iu a single direction 
I only. In one direction, however, Fichte reqiiired that 
I the Bcholar should apply himself directly to Nature, be- 
ne a creator of knowledge, and thus repay by original 
labors of his own the immense debt he owed to the 
labors of others. It was these which enabled him to sup- 
plement the knowledge derived from his own researches, 
BO aa to render his culture rounded and uot one-sided. 

As regards science Ficlite's idea is to some extent 
illustrated by the constitution and the labors of the British 
Association. We have a body of men engaged in the 
pursuit of Natural Knowledge, but variously engaged. 
While sympathiziiig with each of its departments, and 
supplementing liis culture by knowledge drawn from all 
of them, each student among us selects one subject for the 
exercise of his own original faculty — one line along which 
he may carry the light of his private intelligence a little 
way into the darkness by which all knowledge is sur- 
rounded. Thus, the geologist deals with the rocks; the 
biolog^t with the conditions and phenomena of hfe ; the 
astronomer with stellar masses and motions; the mathe- 
matician -with the relations of space and number; tho 
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cliemist pursues bis atoms, while llie physical investigator 1 
has his OTCD large field in optical, thermal, electrical, I 
acoustical, and other phenomena. The British Assocda- I 
tion then, as a whole, faces physical Nature on all sides 
and pushes knowledge centrifugally outward, the sum of 
its labors constifutiag what Fichte might call the sphere of 
natural knowledge. In the meetings of tho Association it 
is found necessary to resolve this sphere into its component 
parts, which take concrete form under the respective letteniB 
of our Sections, ■ 

This is the Mathematical and Physical Section. Mathe- 
matics and physics have been long accustomed to coalesce. 
For, no matter bow subtle a natural phenomenon may be, 
whether wc observe it in the region of sense, or follow it 
into that of imagination, it is in the long-run reducible to 
mechanical laws. But the mechanical data once guessed 
or given, mathematics becomo aU-powerful as an instru- 
ment of deduction. The command of geometry over the 
relations of space, the far-reaching power which organized 
symbolic reasoning confers, are potent both as means of 
physical discovery, and of reaping the entire fruits of dis- 
covery. Indeed, without mathematics, expressed or im- 
plied, our knowledge of physical science would be iriable 
in the extreme. 

Side by side with the mathematical method we have 
the method of experiment. Here, from a starting-point 
furoished by his own researches, or those of others, the in- 
vestigator proceeds by combining ictuition and verification. 
He ponders the knowledge he possesses and tries to push 
it further, he guesses and checks his guess, he conjectures 
and confirms or explodes his conjecture. These guesses 
and conjectures are by no means leaps in the dark; for 
knowledge once gained casts a faint light beyond its own 
immediate boundaries. There is no discovery so limited 
as not to illm something beyond itself. The force 



I of intellectual penetration into this peniunbral region which 
I -surrounds actual knowledg;e is not, as some seem to think, 
j dependent upon method, but upon the genius of the in- 
jBtigator. There is, however, no genius so gifted as not 
to need control and verification. The profoundest minds 
know beat that Nature's ways are not at all times their 
ways, and that the brightest flashes in the worid of 
thought are incomplete until they have been proved to 
have their counterparts in the world of fact. Thus the 
vocation of the true esperimentahst may he defined as 
the continued exercise of spiritual insight, auJ its inces- 
sant correction and realization. Pis experiments conati- 
tnte a body, of which his purified intuitions are, as it were, 
theBouL 
j Partly through methematical and partly through ex- 

I perimental research, physical science has of late years as- 
■ Bumed a momentous position in the world. Both in a 
material and in an intellectual point of view it has pro- 
duced, and it is destined to produce, immense changes — 
vast social amehorations, and vast alterations in the popu- 
lar conception of the origin, rule, and governance of natural 
things. By science, in the physical world, miracles are 
wrought, while philosophy ia forsaking its ancient meta- 
physical channels and pursuing others which have been 
opened or indicated by scientific research. This must be- 
come more and more the case as phUosophical writers 
become more deeply imbued with the methods of science, 
better acquainted with the facts which scientific men have 
won, and with the great tlieories which they have elaborated. 
If you look at the face of a watch, you see the hour 
and minute hands, and possibly also a second-hand, moving 
over the graduated dial. Why do these hands move ? and 
why are their relative motions such as they are observed 
to be ? These questions cannot be answered without open- 
ing the watch, mastering its various parts, and ascertaining 
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their relationship to each other. 'N'tTieii this ia dono, wb 
find that the observed motion of the lianda follows of ne- 
cessity from the inner mechanism of the watch, when acted 
upon by the force invested in the spring. 

The motion of the handa may be called a phenomenon 
of art, but the case is similar with the phenomena of Nature. 
These also have their inner mechanism, and their store of 
force to set that mechanism going. The ultimate problem 
of physical science is to reveal this mechanism, to discern 
this store, and to show that from the combined action of 
both the phenomena of which they constitute the basis' 
must of necessity flow. 

I thought an attempt to give you even a brief and' 
sketchy illustration of the manner in which scientific think- ' 
era regard this problem would not be uninteresting to you 
on the present occasion ; more especially as it will give me- 
occasion to say a word or two on. the tendencies and limits 
of modem science ; to point out the region which men of 
science claim as their own, and where it is mere waste of 
time to oppose their advance, and also to define, if possible, 
the boiune between this and that other region to whidi, 
the questionings and yearnings of the scientific intellect 
are directed in vain. 

But here your tolerance will be needed. It was the 
American Emerson, T think, who said that it is hardly pos- 
sible to state any truth strongly without apparent injustice 
to some other truth. Truth is often of a dual character, 
taking the form of a magnet with two poles ; and many of 
the differences which agitate the thinking part of mankind 
are to be traced to the excluaiveness with which partisan 
rcasoners dwell upon one-half of the duality in forgetfulness 
of the other. The proper course appears to be to state 
both halves strongly, and allow each ita fair share in th© 
formation of the resultant conviction. But this waiting 
the statement of the two aidea of a question implies 
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Hence, It implies a resolution to suppress indignation if 
the statement of the one-half should clash with our convic- 
tions, and to repress equally undue elation if the half-state- 
ment should happen to chime in with our views. It implies 
a determination to wait calmly for the statciiient of the 
whole, before wo pronounce judgment in the fonn of either 
acquiescence or dissent 

This premised, and, I trust, accepted, let us enter upon 
our task. There have been writers who affirmed that the 
pyramids of Egypt were the productions of Nature ; and in 
bis early youth Alexander von Humboldt wrote a learned 
essay with the eipress object of refutmg this notion. We 
igard the pyramids as the work of men's hands, aided 
probably by machinery of which no record remains. "VVe 
picture to onrselves the swarming workers toiling at those 
vast erectiooa, lifting the inert stones, and, guided by the 
volition, the skill, and possibly at times by the whip of the 
architect, placing them in their proper positions. The 
blocks in this case were moved and posited by a power 
external to themselves, and the final form of the pyramid 
expressed the thought of its human builder. 

Let ua pass from tliis illustration of constructive power 
to another of a different kind. When a solution of common 
salt is slowly evaporated, the water which holds the salt 
in solution diappears, but the salt itself remains behind. At 
a certain stage of concentration the salt can no longer retain 
the liquid form ; its particles, or molecules, as they are 
sailed, begin to deposit themselves as minute solids, so 
minute,indeed, as todefy all microscopic power. As evapo- 
ition continues solidification goes on, and we finally obtain, 
ithrough the clustering together of innumerable molecules, 
finite crystalline mass of a definite form. What is this 
? It sometimes seems a mimicry of the architecture 
i6f Egypt We hare little pyramids built by the salt, 
>terrace above terrace from base to apex, forming a series of 
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steps resembling those up Tjvliicli tbe Egyptian traveller i 
drugged by bis gxiidea. The human nilod is as little dis- 
posed to look liii questioning at tliese pyramidal salt-crys- 
tala aa to look at tbe pyramids of Egypt without inquiring 
whence they came. How, thciij are those salt-pyramida 
built up ? 

Guided by analogy, you may, if you like, suppose that 
swarming among the constituent molecules of the salt, 
thexe is an invisible population, controlled and coerced by 
some invisible master, and placing tbe atomic blocks iu 
tbeir positions. This, however, is not the scientific idea, 
iior do I think your good sense will accept it as a likely 
one. The scientific idea is that the molecules act upon each 
other without tbe intervention of slave labor ; that they 
attract each other and repel each other at certain definite 
poiuts, or poles, and in certain definite directions ; and that 
the pyramidal form is tbe result of this play of attraction 
and repulsion. "While, then, the blocks of Egypt were laid 
down by a power estemal 'to thernsclves, these molecular 
blocks of salt are self-posited, being fiied in their places by 
the forces with which tbey act upon each other. 

I take common salt as an illustration because it is so 
familiur to us all ; but any other crystalline substance would 
answer my purpose eiiually welL Everywhere, in fact, 
throughout inorganic Nature, we have this formative power, 
as Fichte would call it — this structural energy ready to 
come into play, and buOd the ultimate ]>arficles of matter 
into definite shapes. ITie ice of our winters and of our 
polar regions ia its Landyworfc, and so equally are the 
quartz, fcJspar, and mica of our rocks. Our chalk-beds are 
for ibo most part composed of minute shells, which are also 
the product of structural energy ; but, behind the shell, aa 
k wliolc, lica a mom r»!uioto and subtle formative act These _ 
sbi'lls tiro built up of little cryalida of calc-spar, and to for 
Uieau urj'Htala tbo dtiuclurnl foreo had to de.ol v 
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intangible molecules of carbonate of lime, lliia tendency 
on the part of matter to organize itself, to grow into sLape, 
to assume definite forms in obedience to the definite action 
of force, is, as I have said, all-pervading. It is in the 
gTOuod on which you tread, in the water you drink, in the 
air you breathe. Incipient life, as it were, manifests itself 
thioughout the whole of what we call inorganic Nature. 

The forma of the minerals resulting from this play of 
polar forces are various, and exhibit diflcrent degrees of 
complexity. Men of science avail themselves of all possible 
means of exploring their molecular architecture. For this 
purpose they employ in turn as agents of exploration, light, 
heat, magnetism, electricity, and sound. Polarized light ia 
especiaJly useful and powerful here, A beam of such light, 
■when sent in among the molecules of a, crystal, is acted on 
by them, and from this action we infer with more or less of 
clearness the manner in which the molecules are arranged. 
That differences, for example, exist between the inner 
structure of rock-salt and crjsfjilIJzed sugar or sugaj-'Candy, 
is thus strikingly revealed. These actions often display 
themselves in chromatic phenomena of great splendor, the 
play of molecular force being ao regulated as to remove 
some of the colored constituents of white hght, and to leave 
others with increased intensity behind. 

And now let us pass from what we arc accustomed to 
regard as a dead mineral to a living grain of com. "When 
li is examined by polarized light, chromatic phenomena 
eimilar to those noticed in crystals are observed. And 
why ? Because the architecture of the grgin resembles the 
architectiu^e of the crystal. In the grain also the molecules 
are set in definite positions, and in accordance with their 
arrangement they act upon the light. But what has built 
together the molecules of the com? I have already said 
regarding crystalline architecture tliat you may, if you 
please, consider the atoms and molecules to be placed in 
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position hy a power external to tbcniselvas, TLe same 
hypothesis is open to you now. But if in the case of cry*- j 
tals you have rejected this notion of an estcmal architect, 
I think you are bound to reject it now, and to conclude -j 
that the molecules of the com are self-posited by the forces i 
with which they act upon each other. It would be poor | 
philosophy to invoke au exterual agent in the one case und ij 
to reject it in the other. t 

Instead of cutting our grain of com into slices and sub- (j 
jeoting it to the action of polarized light, let us place it in- J 
the earth and subject it to a certain degree of warmth. In ' 
other words, let the molecules, both of the com and of the i 
suiTounding earth, be kept in that state of agitation which 
we call warratb. Under these circumstances, the grain and 
the substances which surround it interact, and a definite 
molecular architecture is the result.' A bud is formed ; tliia 
bud reaches the surface, where it is exposed to the sun's 
rays, which are also to be regarded as a kind of vibratory 
motion. And as the motion of common heat with which 
the grain and the substances surrounding it were first 
endowed, enabled tho grain and these substances to exei^ ■, 
cise their attractions and repulsions, and thus to coalesce ' 
in dofinite forma, so the specific motion of the sun's rays 
now enables the green bud to feed upon the carbonic acid 
and the aqueous vapor of the air. The bud appropriates 
those constituents of both for which it has an elective 
attraction, and permits the other constituent to resume its 
place in the air. Thus the architecture is canied on. 
Forces are active at the root, forces are active in the blade, 
the matter of the earth and the matter of the atmospher 
are drawn toward the root and blade, and the plant aug- 
ments in size, We have in succession the bud, the stalk, ' 
the ear, the full corn in the ear; the cycle of molecular ' 
action being completed by the production of grains similar ll 
to that with which the process began. 




SCIESTIFIC ILATERIALISM. 



IIV 



Now there is notlung' in this process which necessarily 
eludes the eonceptive or imagiiiing power of the purely 
human mind. An intellect the same in kind as our own 
would, if only sufficiently expanded, be able to follow the 
whole process from beginning to end. It would see every 
molecule placed in its position by the speciBc attractions 
and repulsions exerted between it and other molecules, the 
whole process and its consummation being an instanoe of 
the play of mDleculDj force. Given the grain and its envi- 
ronment, the purely human intellect might, if sufficiently 
expanded, trace out apriori every step of the process of 
growth, and by the application of purely mechanical prin- 
ciples demonstrate that the cycle must end, as it is seen to 
end, in the reproduction of forms like that with which it 
began. A similar necessity rules here to that which rules 
the planets in their circuits round the sun. 

You will notice that I am stating my truth strongly, aa 
at the beginning we agreed it should be stated. But I 
must go still further, and affirm that in the eye of science 
tfte animal body is just as much the product of molecular 
force as the stalk and ear of com, or as the crystal of salt 
or sugar. Many of the parts of the body are obviously 
mechanical. Take the human heart, for example, with its 
system of valves, or take the exquisite mechanism of the 
eye or hand. Animal heat, moreover, is the same in kind 
aa the heat of a fire, being produced by the same chemical 
process. Animal motion, too, is as directly derived &om 
the food of the animal, as the motion of Trevethyck's walk- 
ing-engine from the fuel in its furnace. As regards matter, 
. the animal body creates nothing ; as regards force, it creates 
nothing. Wliich of you by taking thought can add one 
\ cubit to his stature ? All that has been said, then, regard- 
I ing the plant may be restated with regard to the animal. 
r Every particle that enters into the composition of a muscle, 
i m nerve, or a bone, has been placed in its position by mo- 



locular force. And unless the eiiatence of law i 
matters bo denied, and the element of caprice introduced, 
we must conclude that, given the relation of any molecule 
of tlie body to its environment, its position in the body 
tniyht be determined mathematically. Our difficulty is not 
■with the quality of the problem, but with its complexity ; 
Biid this difficulty might be met by the simple expansion 
of the faculties which we now possess. Given this expan- 
sion, with the necessary molecuhir data, and the chick 
might be deduced as rigorously and as logically from the 
egg as the existence of Neptune from the disturbances of 
Ui'UHUH, or as conical refraction from the undulatory theory 
of light. 

Vou see I am not mincing matters, but avowing nakedly 
wliat many scientific thinkers more or less distinctly be- 
lif-'vo. The formation of a crystal, a plant, or an animal, ia 
ill their eyes a purely mechanical problem, which differs 
from tlio problems of ordinary mechanics in the sraallness 
of tlie masses and the complexity of the processes involved. 
Ucro you have one half of our dual truth ; let us now glanoe 
at the other half. Associated with this wonderful mechan- 
ism of tho aubnal body we have phenomena no less certain 
than tlioso of physios, but between which and the mechan- 
bm wo disuirn no nocesaary connection. A man, for ex- 
oniplo, can say, I fed, I ihi/ik, I love; but how does 
comeiimmeta infuse itself hito the problem? The human 
brulii k said U) Iw tho organ of thought and feeling; when 
WW am Imrt tho bruin feels it, when wo ponder it is the 
bmhi llinl Uiliiki, when our passions or affections are ex- 
(iltwl It la Ihrtmjfli thit iimtnimonlulity of the brain. Let us 
endeavor l.j U a lltLln more precise hero. 1 hardly imagine 
Uiuru ttnUlM a j.r..fo,mil ikiimitilio thinker, who has reflected 
uiK,n tlio •ul.J.M, nnwllllnn '« admit the extreme proba- 
bUlty of tint |ijr|rollii!slN lliat, for civcry fact of consciousness, 
Whmlinr 111 Mw iloioali. „f ».■«,«., of thought, or of emotion,' 
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a deSuito molcculnr condition of motion or structure is set 
up in tlie brain ; or who would be disposed even to deny 
tliat if the motion or structure be induced by internal 
ciiuses instead of external, the cUcct ou conscIousnesB will 
be the eame ? Let any nerve, for example, be thrown by 
morbid action into the precise state of motion which would 
be communicated to it by the pulecB of a heated body, 
Burely that nerve will declare itself hot — the mind will 
accept the subjective intimation exaclly as if it were ob- 
jective. The retina may be excited by purely mechanical 
means. A blow on the eye causes a luminous flash, and 
the mere pressure of the finger ou the external ball pro- 
duces a star of light, which Newton compai-ed to the circles 
on a peacock's tail. Disease Qiakes people see visions and 
dream dreams; but, in all such cases, could wo examine 
the organs implicated, we should, on philosophical grounds, 
expect to fiud them in that precise molecular condition 
which the real objects, if present, would superinduce. 

The relation of physics to consciousness being thus 
invariable, it follows that, given the state of the brain, the 
corresponding thought or feeling might be inferred ; or 
given the thought or feeling, the corresponding state of the 
brain might be inferred. But how inferred ? It would be 
at bottom not a case of logical inference at all, but o£ 
empirical association. You may reply that many of the 
inferences of science are of this character ; the inference, 
for example, that an electric current of a given direction 
will deflect a magnetic needle in a definite way ; but the 
ceases diflcr in this, that the passage from the current to the 
if not demonstrable, ia thinkable, and that we enter- 
I doubt as to the final mechanical solution of the 
But the passage from the physics of the brain 
to the corresponding facts of consciousness is unthinkable. 
Granted that a definite thought, and a definite molecular 
Action in the brain occur simultaneously ; we do not po- 
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the intellectual orgun, nor apparently any rudiment of the 
organ, whicli would enable us to pass, by a, process of rea- 
soning, from the one to the other. They appear together, 
but wo do not know why. Were our minds and senses so 
expanded, strengthened, and illuminated as to enable us to 
see and feel the very molecules of the brain ; were wo 
capable of following all their motions, all their groupings, 
all their electric discharges, if such there be ; and were we 
intimately acquainted with the corresponding states of 
thought and feeling, we should be as far as ever from the 
solution of the problem, " How are these physical processes 
connected with the facts of consciousness f " Tlie chasm 
between the two classes of phenomena would still remain 
intellectually impassable. Let the consciousness of love, 
for example, be associated with a right-handed spiral 
motion of the molecules of the brain, and the consciousness 
' oi hate with a left-handed spiral motion. We should then 
know when we love that the motion is in one direction, 
and when we hate that the motion is in the other ; but the 
" WHY ? " would remain as unanswerable as before! 1 

In affirming that the growth of the body is mechanical, 
and that thought, as exercised by us, has its correlative in 
the physics of the brain, I think the position of the "Ma- ' 
terialist" is stated, as far as that position is a tenable 
one. I think the matcriulist will bo able finally to main- 
tain this position agiunst all attacks ; but I do not think, 
in the present condition of the human mind, that he can 
pass beyond this position. I do not think he is entitled 
to say that his molecular groupings and his molecular 
motions explain every thing. In reality, they explain 
nothing. The utmost he can affirm is the association of 
two classes of phenomena, of whose real bond of union ' 
he is in absolute ignorance. The problem of the con- 
nection of body and soiU is as insoluble in its modern "' 
form as it was in the prescientific ages. Phosphorus is 
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fcnciwii to entei into the composition of the human brain, 
and a trenchant German writer has exclaimed, " Ohne 
Phosphor, kein Gedanke." That may or may not he the 
case ; but eTCn if we knew it to bo the case, the knowledge 
would not lighten our darkness. On both sides of the zone 
here assigned to the materialist he is equally helpless. If 
you ask lum ■whence is this " Matter " of which we have 
been discoursing, who or what divided it into molecules, 
who or what impressed upon them this necessity of running' 
into organic forma, he has no answer. Science is mute in 
reply to these questions. But if the materialist is con- 
founded and science rendered dumb, who else is prepared 
with a solution ? To whom has this arm of the Lord been 
revealed ? Let us lower our heads and acknowledge our 
ignorance, priest and philosopher, one and alL 

Perhaps the mystery may resolve itaelf into knowledge 
at Bomo future day. The process of things upon this earth 
has been one of amelioration. It is a long way from the 
Iguanodon and his contemporaries to the President and 
members of the Bntish Association, And whether we re- 
gard the improvement from the scientific or from the theo- 
logical point of view, as the result of progressive develop- 
ment, or as the result of successive exhibitions of creative 
energy, neither view entitles us to assume that man's present 
fecultics end the series — that the process of amelioration 
stops at him, A time may therefore come when this idtra- 
Bcientific region by which we are now enfolded may offer it- 
self to terrestrial, if not to human investigation. Two-thirds 
of the rays emitted by the smi fail to arouse in the eye the 
Lgense of vision. The rays exist, but the visual organ rcqui- 
Lsite for their translation into light does not esist. And bo 
from this region of darkness and mystery which surrounds 
us, rays may now be darting which require but the develop- 
ment of the proper intellectual organs to translate them 
into knowledge as far surpassing ours as ours surpasses 
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that of the wallowing reptiles which once held possession 
of this planet. Meanwhile the mystery is not without its 
uses. It certainly may be made a power in the human soul ; 
but it is a power which has feeling, not knowledge, for its 
base. It may be, and will be, and I hope is, turned to 
account, both in studying and strengthening the intellect, 
and in rescuing man from that littleness to which, in the 
struggle for existence, or for precedence in the world, he 
is contmually prone. 



Musings on the Mallerhorti, July 37, 1808. 



"Hacked uid hurt bj time, tbo aepGct of the mountain from ita 
higher cragB B^iiimcd mo. Hitbi-rto tho impression it mude wub that of 
lavB^e Btrength ; hero nc had ineiorablc deca)'. But this notion of deca; 
implied a reference to a pedad wheQ the Hatlerbora iraa in the fuU 
strength of mountainhood. Thought naturally ran back to its remoter 
origin and sculpture. Kor did thought halt there, but wandered on 
Hirongh molten worlda lo that nebulous haze which philosophers have 
regarded, and witb good reason, as the pioximale eaurce of all material 
things, I tried to look at this universal cloud, containing within itself the 
prediction of all that has since occurred ; I tried \ia imagine It as the seat 
of those forces whose actioa was to issue in solar and stellar STstema, 
and an that the; involve. Did that formless fog contain potentially the 

I tadi^ with which I regarded the Matterborn ? Did the Oumghl which 
now ran back to it shnply return to its prhneval home t If bo, had we 
not better recast our definitions of matter and force; for if Ufe and 
thought be the very Sower of both, aaj definition whiuh omits life and 
thought must he inadequate, if not tmtrue. Are queBdona like these 
warranted t Why not ! If the final goal of man baa not been jet 
attained ; if his doTclopmcnt has not been jet arreated, who can say that 
guch yearnmgs and questionings are not necessary to the opening of > 
finer viaioa, to the budding and the growth of diviner powers ? When I 
bok at the heavens and the earth, at my own body, at my strength and 
iveaknesa of mind, even at these ponderings, and ask myself^ is there no 
being or thing in the universe that knows more about these matters than 
I do; what ifl'royanswerf Supposmg our theologio schemes of crea- 
tion, condemnation, and redemption, to be dissipated; and the warmth 
of denial which they excite, and which, as a motive force, can match the 
warmth of affirmation dissipated at the same time ; would the nndefiected 
human mind retarn to the meridian of absolute neutrality as regards these 
ultra-physical questions ? Is such a position one of Etubtc equilibrium 1 

I Irhe channels of thought being already formed, such are the queBtionS 
without replies, which could run athwart consciousness during a ten 
lies, halt upon the weathered pomt of the Matterhom." 



VII. 

ON THE 

SCIENTFIC USE OF THE IMAGHATION. 

A DISCOUESE. 

DELIVEEED BEFOEE THE BEITISH ASSOCIATION AT LIYEEPOOU 

September 16, 1870. 



** If thou wouldst know the mystic song 
Chanted when the sphere was young, 
Aloft, abroad, the paean swells, 
wise man, hear'st thou half it tells ? 
To the open ear it sings 
The early genesis of things ; 
Of tendency through en^ess ages 
Of star-dust and star-pilgrimages, 
Of rounded worlds, of space and time, 
Of the old floods' subsiding slime. 
Of chemic matter, force and form, 
X poles and powers, cold, wet, and warm. 
The rushing metamorphosis 
Dissolving all that fixture is, 
Helts things that be to things that seem, 
And solid Nature to a dream.'* 

Emebsoh. 



' Was war' ein Gott der nur yon aussen stiesse 
Im Ereis das All am Finger laufen liesse 1 
Ihm ziemVs, die Welt im Innem zu bewegen, 
Natur in Sich, Sich in Natur zu hegen." 

GOETHB. 



8GIENTIFI0 USE OF THE IMAGINATIOK 

" Lmllif, phy^eal imaiigaiian more fl*m any Gm\g h^da Mps lo 
«t Oie aiiiud value asid rigM v*e of Oie Imajinaiion — of Ih 
factd^, vhkh, Iffl h ramble UTUumfroHed, leadt ta aiCray ialo a wildemat of 
perplexJUei mid errors, a land a/ misli (md i/iadowa ; hui tcHA properli/ cvn- 
troStd by txperiaux and rejlectitm, beoomet the noilesl attribtite of man; lAe 
loarce ofpoeHe genhia, Vu instmment of dacmery in Bcienct, withaid Ihe aid 
ofvhkh Nacbm mould never have invenled fvxiem, nor Davy have deeom- 
pBted the earlh» and aScaliea, nor mndd Colvmbia have found another Con- 
finenl." — Address to the Kojal Society by its President, Sir Beiyamin 
Brodie, November 30, 186S, • 

I OABSTES with mo to the Alps this year the heavy 
burden of this evening's work. In the way of new iaves- 
tigation I had nothing complete enough to be brought 
before you ; so all that remained to me was to fall back 
upon such residues as I could find in the depths of con- 
sciousness, and out of them to spin the fibre and weave the 
web of this discourse. Save from memory I had no direct 
aid upon the mountains ; but to spur up the emotions, on 
which so much depends, as well as to nourish indirectly the 
intellect and will, I took with me two volumes of poetry, 
Goethe's " Farbenlehre," and the work on " Logic" recently 
published by Mr, Alexander Bain.' The spur, I am sorry 
to say, was no mateh for the integument of dulness it bad 

' One of my critics njniarliB, that lie does not ace tho 
Goelhe'B " Farbenlehre" and Bain's " I>ogic," " two Tolumt 
Nor do I. 
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to pierce. In Goethe, Bo glorious otherwise, I cbieSy -] 
noticed the Belf-inBictcd hurts of genius, as it broke itself 
in vain against the phUosopby of Newton, For a time, 
Mr. Bain became my principal companion, I found him 
learned and practical, shining generally with a dry light, 
but exhibiting at times a flush of emotional strcngtb, which 
proved that even logicians share the common fire of hu- 
manity. He interested me most when, he became tba 
mirror of my own condition. Neither intellectually nor 
socially ia it good for man to be alone, and the griefs of 
thought are more patiently borne when we find that they 
have been experienced by another. From certain passages 
in his book I could infer that Mr. Bain was no stranger to 
such sorrows. Take this passage aa an illustration. Speak- 
ing of the ebb of intellectual force, which we all from time 
to time esperience, Mr. Bain says, " The uncertainty where 
to look for the nest opening of discovery brings the pain of 
conflict and the debility of indecision," These words have 
in them the true ring of personal experience. The action 
of the investigator is periodic He grapples with a subject 
of inquiry, wTestlea with it, overcomes it, exhausts, it may , 
be, both himself and it for the time being. He breathes a 
space, and then renews the struggle in another field. Now 
this period of halting between two investigations is not 
always one of pure repose. It is often a period of doubt 
and discomfort, of gloom and ennui. " The uncertainty 
where to look for the next opening of discovery brings the 
pain of conflict and the debility of indecision." Such was 
my precise condition in the Alps this year; in a score of 
words Mr. Bain has here sketched my mental diagnoE 
and it was under these evil circumstances that I had to J 
equip myself for the hour and the ordeal that ate nov J 
come. 

Gladly, however, as I should have seen this duty ia J 
other hands, I could by no means shrink from it. Dlsloy- 4 
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ally would have been worse than failure. In some fasliion 
or other — feebly or strongly, meanly or manfully, on the 
higher levels of thought, or on the fliits of commonplace — 
the task had to be accomplished I looked in various direc- 
tions for help and furthera,nce ; but without me for a time 
1 saw only " antrea vast," and within me "deserts idle." 
My case resembled that of a, sick doctor who had forgotten 
bis art and sorely needed the prescription of a friend. Mr, 
Bain wrote one for me. He said, " Your present knowl- 
edge must forge the links of connection between what has 
been already achieved and what is now required." ' In 
these words he admonished me tc review the past and re- 
cover from it the broken ends of former investigations. I 
tried to do bo. Previous to going to Switzerland I had 
been thinking much of light and heat, of magnetism and 
electricity, of organic germs, atoms, molecules, spontaneoua 
generation, comets, and skies. With one or another of 
these I now sought to reform an alliance, and finally euo- 
ceeded in establishing a kind of cohesion between Thought 
and Light. Tbe wiah grew within me to trace, and to en- 
able you to t me of the more occult operations of 
this agent. I w h d f possible, to take you behind the 
drop-scene f the n and to show you the hidden mech- 
anism of opt 1 a t n For I take it to be well worth 
the while of tl nt fi teacher to take some pains, and 
aven great p n to L hose whom he addresses copart- 
ners of his thoughts. To clear liis own mind in the first place 
of all haze and vagueness, and then to project into lan- 
guage which shall leave no mistake as to his meaning — 
which shall leave even his errors naked— the definite ideas 
ho has shaped. A great deal is, I think, possible to scien- 
tific exposition conducted in this way. It is possible, I 
believe, even before an audience like the present, to un- 
ixiver to some extent the unseen things of Mature; and 
' ItiiJactiDD, p. 423- 
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thus to give not only to professed studeots, but to others 
with the necessary bias, industry, and capacity, an intelli- 
geut interest in the operations of science. Time and labor 
are necessary to this result, but science is the gainer from 
the public sympathy thus created. 

How, then, are those hidden things to be revealed 1 
How, for example, are we to lay hold of the physical basia 
of light, since, like that of life itself, it lies entirely without 
the domain of the senses ? Philosophers may be right io 
affirming that we cannot transcend experience ; but we can 
at all events carry it a long way from its origin. We can also 
magnify, diminisb, qualify, and combine experiences, so as to 
render them fit for purposes entirely new. We are gifted 
with the power of imagination— combining what the Ger- 
mans call Anschauimgagahe and Einbildungskraft — and by 
this power we can lighten the darkness which surrounds the 
world of tbe senses. There arc tories even in science who 
regard imagination as a faculty to be fcaicd and avoided 
rather tlian employed. They had observed its action in 
weak vessels, and were imduly impressed by its" disastera. 
But they might with equal justice point to exploded boil- 
ers as an argument against the use of steam. Bounded and 
conditioned by coOperant Reason, imagination becomes the 
mightiest instrument of the physical discoverer, Newtou'a 
passage £;«m a falling apple to a falling moon was, at the 
outset, a leap of the imagination. When William Thom- 
son tries to place the ultimate particles of matter between 
his compass-points, and to apply to them a scale of railli* 
metres, he is powerfully aided by this faculty. And in 
much that has been recently said about protoplasm and 
life, wo have the outgoings of the imagination guided and 
lontrolled by the known analcgics of science. In fact, 
without this powpr, our knowledge of Nature would be a 
mere tabulation of coexistences and sequences. We should 
Btill believe in the sucoossion of day and night, of summep 
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»nd winter; but the soul of Force would be dislodged fi-om 
our universe ; causal relations woiJd disappear, and witli 
them that science which is now binding the parts of Nature 
to aa organic whole, 

I should like to illustrate by a few simple instances the 
use that scientific men have already made of this power of 
imaghiation, and to indicate afterward some of the further 
uses that they are likely to make of it. Let us begin with 
the rudimentary experiences. Observe the falling of heavy 
rain-drops into a, tranquil pond. Each drop as it strikes the 
water becoracB a centre of disturbance, from which a series 
of ring-ripples expand outwards. Gravity and inertia are 
the agents by which this wave-motion is produced, and a 
rough experiment will suffice to show that the rate of 
propagation does not amount to a foot a second. A series 
of slight mechanical shocks is experienced by a body 
plunged in the water as t!ie wavelets reach it in succes- 
sion. But a finer motion is at the same time set up and 
propagated. If the head and ears be immersed in the wa- 
ter, as in an experiment of Franklin's, the shock of the 
drop is communicated to the auditory nerve — the tick of 
the drop is heard. Now this sonorous impulse is propa- 
gated, not at tlie rate of a foot a second, but at the rate of 
- forty-seven hundred feet a second. In this case it is not 
the gravity, but the elasticity of tho water that is the ur- 
ging force. Every liquid particle pushed against its neigh- 
bor delivers up its motion with extreme rapidity, and the 
pulse is propagated as a thrilL The in compressibility of 
water, as illustrated by the famous Florentine experiment, 
is a measure of its elasticity, and to the possession of this 
property in so high a degree the rapid transmission of a 
Bound-pulse through water is to be ascribed. 

But water, as youiknow, is not necessary to the conduc- 
tion of sound ; air is its most common vehicle. And you 
know that when the air possesses the particular density 
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wid elasticity corresponding to the temperature of freezing 
water tlie velocity of sound in it ia ten hundred and ninety 
feet a second. It is almost exactly one-fourth of the ve- 
locity iu water ; the reason being that though the greater 
weight of the water tends to diminish the velocity, the 
enormous molecular elasticity of the liquid far more than 
atones for the disadvantage due to weight. By various 
contrivances we can compel the vibrations of the aJr to 
declare themselves; we know the length and frequency of 
sonorous waves, and we have also obtained great mastery 
over the various methods by which the air is thrown into 
vibration. We know the phenomena and laws of vibrating- 
rods, of organ-pijws, strings, membranes, plates, and bells. 
Wo can abolish one sound by another. We know the 
physical meaning of music and noise, of harmony and dis- 
cord. In short, as regards sounds wo have a very clear 
notion of the external physical processes which oorre- 
Bpond to oar scnaatioas. 

In these phenomena of sound we travel a very little 
way from downright sensible experience. Still the ima^ 
nation is to some extent exercised. The bodily eye, for 
example, cannot see the condensations and rarefactions of 
the waves of sound. We construct them in thought, and 
we believe as firmly in their existence as in that of the air 
itself. But now our experience has to be carried into a 
new region, whore a new use is to be made of it. Having 
mastered the cause and mechanism of sound, we desire to 
know the cause and mechanism of light. We wish to ex- 
tend our inquiries from the auditory nerve to the optic nerve. 
There is in the human intellect a power of expansion — I 
might almost call it a power of creation — which is brought 
into play by the simple brooding upon facta. The legend 
of the Spirit brooding over chaos may have orirrjuated in a 
knowledge oE tliis power. In the case now before us it has 
manifested itself by transplanting into space, for the pur- 
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poses of liglifc, an adequately modified form of the mechan- 
ism of sound. Wc know intimately whereon the velocity 
of sound depends. When we lessen the density of a medium 
and preserve its elasticity constant wc augment the velocity. 
>Vhen we heighten the elasticity and keep the density con- 
stant we also augment the velocity. A small density, 
therefore, and a great elasticity, are the two things neces- 
sary to rapid propagation. Now light is known to movo 
with the astounding velocity of 165,000 miles a second. 
How is such a vcloeity to be obtained V By boldly dif- 
fusing in space a medium of the requisite tenuity and 
elasticity. 

Let us make such a medium our starting-point, endow- 
ing it with one or two other necessary qualities ; let us 
handle it in accordance with strict mechanical laws ; let us 
give to every step of our deduction the surety of the syl- 
logism ; let ua carry it thus forth from the world of imagi- 
nation into the world of sense, and see whether the final 
outcrop of the deduction be not the very phenomena of 
light which ordinaiy knowledge and skilled experiment r&- 
veuL If in all the multiplied varieties of these phenomena, 
including those of the most remote and entangled descrip- 
tion, this fundamental conception always brings us face to 
tafie with the truth ; if no contradiction to our deductions 
from it be found in external Nature, but on all sides agree- 
ment and verification ; if, moreover, as in the case of Coni- 
cal Refraction and in other cases, it lias actually forced 
upon our attention ])henomena which no eye had previously 
seen, and which no mind had previously imagined, such a 
conception, which never disappoints us, but always lands 
us on the solid shores of fact, must, we think, be something 
more than a mere figment of the scientific fancy. In form- 
ing it that composite and creative unity in wliich reason 
and imagination are together blent, has, we believe, led us 
into a world not less real than that of the senses, and of 
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which the world of sense itself is the suggestion and jubIi- 
fication. 

Far be it from me, however, to wish to fix you immov^ 
ably in this or in any other theoretic eonception, "With 

all our behef of it, it will be well to keep the theory plastic 
and capable of change. You may, moreover, urge that 
although the phenomena occur as if the medium existed, 
the absolute demonstration of its existence is still wanting. 
Far be it from me to deny to this reasoning such validity 
ns it may fairly claim. Let us endeavor by means of anal- 
ogy to form a fair estimate of its force. You believe that 
in Bocicfy you arc surromided by reasonable beinga like 
yourself. You are perhaps as firmly convinced of this as 
of any thing. What ia your warrant for this conviction ? 
Eimply and solely this, your fellow-creatures behave as if 
tJiey were reasonable ; the hypothesis, for it is nothing 
more, QccountB for the facts. To take an eminent example: 
you believe that our President is a reasonable being. Why ? 
IIkto ia no known method of superposition by which any 
one of us can apply himself intellectually to another so as 
to dcmoiiBtrnte coincidence as regards the posseBsiou of 
reason. If, lliercfore, you hold our President to be reason- 
bIiIo, it is bocauBc ho behaves as »f he were reasonable. As 
in tho caso of the clhcr, beyond the " as if" you cannot go. 
Nay I should not wonder if a close comparison of the data 
on which both inferences rest, caused many respectable 
porBons to conclude that the ether Lad the best of it. 

nils universal medium, this light^ethcr as it is called, is 
a vehicle, not an origin of wave-motion. It receives and 
transmits, but it does not create. Whence docs it derive 
llio motions it convoys ? For the most port from luminous 
bodies. By this motion of a luminous body I do not mean 
its Bonsible motion, such as the flicker of a candle, or the 
shooting out of red prominences from the limb of the sun. 
t mean an intcstino motion of the atoms or molecules of 
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the luminous body. But here a certain reserve is necessary. 
Many chemists of the present day refuse to speak of atoms 
and molecules as real things. Their caution leads them to 
atop short of the clear,. sharp, mechanically intelligible 
atomic theory enunciated by Dalton, or any form of that 
theory, and to make the doctrine of multiple proportions 
their intellectual bourne. I respect the caution, though I 
think it is here misplaced. The chemists who recoil from 
these notions of atoms and molecules accept without hesita- 
tion the Undulatory Theory of Light, Like you and me, 
they one and all believe in an ether and its light-producing 
-waves. Let us consider what this belief involves. Bring 
your imaginations once more into play and figure a series 
of sound-waves passing through air. Follow them up to 
their origin, and what do you there find ? A definite, tan- 
gible, vibrating body. It may be the vocal chords of a 
}iuraan being, it may be an organ-pipe, or it may be a 
stretched string. Follow in tlie same manner a train of 
ether-waves to their source ; remeiubering at the same time 
that your ether is matter, dense, elastic, and capable of 
motions subject to and determined by mechanical laws. 
What then do you expect to find as the source of a scries 
of ether-waves ? Ask your imagination if it will accept a 
vibrating multiple proportion — a numerical ratio in a state 
of oscillation? I do not think it wilL You cannot crowu 
the edifice by ttiis abstraction. Tlie scientific imagination, 
which is here authoritative, demands as the origin and cause 
of a series of ether-waves a particle of vibrating matter 
quite as definite, though it may be excessively minute, as 
tbat which gives origiu to a musical sound. Such a particle 
we name an atom or a molecule. I think the seeking intel- 
lect when focuased so as to give definition without peaum- 
bral haze, is sure to realize this image at the last. 

With a view of preserving thought continurius through- 
out this discourse, and of preventing either failure of knowl- 
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by the swinging atoms of luminous bodies are of different 
lengths and amplitudes. Tlie amplitude ia the width of 
swing of the individual particles of the wave. In water- 
waves it is the height of the erest above the trough, while 
the length of the wave is the distance between two con- 
secutive crests. The aggregate of waves emitted by the sun 
may be broadly divided into two classes : the one class conj- 
petent, the other incompetent, to excite vision. But the 
light-producing waves differ markedly among themselves 
in size, form, and force. The length of the largest of these 
waves is about twice that of the smallest, but the amplitude 
of the largest is probably a hundred times that of the 
sraallest. Now the force or energy of the wave, which, ex- 
pressed with reference to sensation, means the intensity of 
the light, is proportional to the square of the amplitude. 
Hence the amphtude being one-hundred-fold, the energy ol 
the largest lightgiving waves would be ten -thousand-fold 
that of the smallest. This is not improbable. I use these 
figures not with a view to numerical accuracy, but to give 
you definite ideas of the differences that probably esist 
among the hght-giving waves. And if we take the whole 
range of solar radiation into account — its non-visual as well 
as its visual waves — I think it probable that the force or 
euergy of the largest wave is a million times that of the 
saiallest. 

Turned into their oquivalenls of sensation, the different 
light-waves produce different colors. Red, for example, is 
produced by the largest waves, i-iclet by the smallest, while 
green is produced by a wave of intermediate length and 
amplitude. On entering from air into more highly refract- 
ing substances, such as glass or water, or the sulphide o£ 
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carbon, all the waves are retarded, but the smaUest ones 
most This funibhes a means of separating tlje different 
classes of waves from each other; in other words, of ana- 
lyzing the light. Sent through a refracting prism, the waves 
of the sun are turned aside in different degrees from their 
direct course, the red least, the violet most. They are vir- 
tually pulled asunder, and tbcy paint upon a white screen 
placed to receive them "the solar spectrum." Strictly 
speaking, the spectrum embraces an infinity of colors, but 
the limits of language and of our powers of distinction cause 
it to be divided into seven segments ; red, orange, yellow, 
green, blue, indigo, violet These are the seven primary or 
prismatic colors. 

Separately, or mixed in various proportions, the solar 
waves yield all the colors observed in nature and employed 
in art. Collectively, they give us the impression of white- 
ness. Pure unsifted solar light is white ; and if oil the 
wave-constituents of such light be reduced in the same pro- 
portion the light, though diminished in intensity, will still 
be white. The whiteness of Alpine snow with the sun 
shining upon it, is barely tolerable to the eye. The same 
snow under an overcast firmament is still white. Such a 
firmament enfeeblesthe light by reflection, and when we lift 
ourselves above a cloud-field — to an Alpine summit, for in- 
stance, or to the top of Snowdon — and see, in the proper 
direction, the sun shining on the clouds, they appear daz- 
zlingly white. Ordinary clouds, in fact, divide the solar 
light impinging on them into two parts^ — a reflected port 
and a transmitted part, in each of which the proportions of 
wave-motion which produce the impression of whiteness 
are sensibly preserved. 

It will be understood that the conditions of whitcncea 
would fail if all the waves were diminished equally, or by 
the same absolute quantity, Tbey must be reduced pro- 
jtortionatdy, instead of equally. If by the act of reflection 
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tliG waves of red light are split into exact halves, then, to 
preserve the light white, the waves of yellow, orange, green, ' 
and blue must also be split into exact halves. In short, the 
reduction must take place, not by absolutely equal quanti- 
ties, but by equal fractional parts. In white light the pre- 
ponderance as regards energy of the latter over the smaller 
waves must always be immense. Were the case otherwise, 
the physiological correlative, hlue, of the smaller waves 
would have the upper hand in our sensations. 

My wish to render our mental images complete, causes 
me to dwell briefly upon these known points, and the 
same wish will cause me to linger a little longer among 
others. But here I am disturbed by my reflections. When 
I consider the effect of dinner upon the nervous system, and 
the relation of that system to the intellectual powers I ani 
now invoking— when I remember that the universal expe- 
rience of mankind has fixed upon certain definite elements 
of perfection in an after-dinner speech, and when I think 
how conspicuous by their absence these el emeu ta are on the 
present occasion, tlie thought ia not comforting to a man 
who wishes to stand well with his fellow-creatures in gen- 
eral, and with the members of the British Association in 
particular. My condition might well resemble that of the 
ether, which is scientifically defined as an assemblage of 
vibrations. And the worst of it is, that unless you reverse 
the general verdict regarding the effect of dinner, and prove 
in your own persona that a uniform experience need not con- 
tinue uniform — which will be a great point gained for some 
people — these tremors of mine are likely to become more 
and more painful. But I call to mind the comforting words 
of an inspired though uncanonical writer, who admonishes 
us in the Apocrypha that fear is a bad counsellor. Let me 
then cast him out, and let me trustfully assume that yon 
will one and all postpone that balmy sleep, of which dinner 
might under the circumstances be regarded as the indis- 
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Boluble antecedent, and that you will manfuUy and woman- 
fdly prolong your investigations of the ether and its waves 
into regions which have been hitherto crossed by the 
pioneers of science alone. 

Not only are the wares of ether reflected by clouda, 
by solids, and by liquids, but when they pass from hght air 
to dense, or from dense air to light, a portion of the wave- 
motion is always reflected. Now our atmosphere changes 
continually in density from top to bottom. It will help 
our conceptions if we regard it as made up of a series of thin 
concentric layers, or shcllB of air, each shell being of the 
same density throughout, and a small and sudden change 
of density occurring in passing from shell to shell. Light 
would be reflected at the limiting surfaces of all these shells, 
and their action would be practically the same as that of the 
real atmosphere. And now I would ask your imagination 
to picture tliis act of reflection. What must become of the 
reflected light ? The atmospheric layers turn their convex 
surfaces toward the sun ; they are so many convex mirrors 
of feeble power, and you will immediately perceive that the 
light regularly reflected from these sinlaces cannot reach 
the earth at all, but Is dispersed in space. 

But though the sun's light is not reflected in this fashiou 
from the aerial layers to the earth, there is indubitable evi- 
denoe to show that the light of our firmament is reflected 

I light Proofs of the most cogent description could be here 
adduced ; but we need only consider that we receive hght 
at the same time from all parts of the hemisphere of heav- 
en. The light of the firmament cornea to us across the di- 
rection of the solar rays, and even against the direction of 
(he solar rays ; and this lateral and opposing rush of wave- 
niotion can only be due to the rebound of the waves from 
the air itself, or from something suspended iri the air. It is 
also evident that, unlike the action of clouds, tlie solar hght 
is not reflected by the sky in the proportions which produce 
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ivliite. The sky is blue, which indicatea a deGcicncj' on part 1 
of the larger waves. In accouoting for tlie color of the sb/, 
the first question suggested by the analogy would undoubt- | 
ediy be, Is not the air blue ? The blueness of the air Las 
in fact been given as a solution of t!ie blueness of the sky. 
But reason, basing- itself on observation, asks in reply, How^, 
if the air be blue, can the light of sunrise and sunset, which 
travels through vast distances of air, be yellow, orange, op 
even red f The passage of white solar light through a blue 
medium could by no possibility redden the light. The hy- 
pothesis of a blue air is therefore untenable. In fact, the 
agent, ■whatever it is, which sends us the light of the sky, 
exercises in so doing a dicbroitic action. The light reflected 
is blue, the light transmitted is orange or red, A marked 
distinction is thus exhibited between the matter of the sky 
and tbat of an ordinary cloud, which exercises no such di 
chroitic action. 

By the force of imagination and reason combined wn 
may penetrate this mystery also. The cloud takes no note 
of size on the part of the waves of ether, but reflects them 
all alike. It exercises no selective action, Kow, the caus» 
of -this may be tbat the cloud-particles are bo large in com- 
parison with the size of the waves of ether as to reflect them 
all indifferently. A broad cliff reflects an Atlantic roller aa 
easily aa a ripple produced by a sea-bird's wing ; and in the 
presence of large reflecting surfaces, the existing differences 
of magnitude among the waves of ether may disappear. 
But supposing the reflecting particles, instead of being very 
large, to be very small, in comparison with the size of the 
waves. In this case, instead of the whole wave being 
fronted and in great part thrown back, a small portion only 
is shivered off. The great mass of the wave passes over 
Buch a particle without reflection. Scatter, then, a handful 
of such minute foreign particles in our atmosphere, and set 
imagination to watch their action upon the solar waves. 
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Waves of all sizes impinge upon the particles, and j-ou see 
at every collision a portion of the impinging wave struck 
off. All the waves of the spectrum, from the extreme red 
to the extreme violet, are thus acted upon. But in what 
proportions will the waves be scattered ? A clear picture 
will enable us to anticipate the experimental answer. Re- 
membering that the red waves are to the blue much in the 
relation of billows to ripples, let us consider whether those 
extremely small particles are competent to scatter all the 
waves in the same proportion. If they be not— and a little 
reflection will make it clear to you that they are not — the 
production of color must be an incident of the scattering. 
Largeness b a thing of relation ; and the smaller the wave, 
the greater is the relative size of any particle oa which the 
wave impinges, and the greater also the ratio of the scat- 
tered portion to the total wave. A pebljle placed in the 
way of the ring-ripples produced by our heavy rain-drops 
on a tranquil pond will throw back a large fraction of the 
ripple incident upon it, while the fractional part of a larger 
wave tlirown back by the same pebble might be infinitesi- 
mal, Now wo have already made it clear to our minds 
that to preserve the solar light white, its constituent pro- 
portions must not be altered ; but in the act of division 
performed by these very small particles we see that the 
proportions are altered ; an undue fraction of the smaller 
waves is scattered by the particles, and, as a consequence, 
in the scattered light, blue will be the predominant color. 
The other colors of the spectrum must, to some extent, be 
associated with the blue. They arp not absent but deficient. 
We ought, in fact, to have them all, but in diminishing pro- 
portions, from the violet to the red. " 

We have here presented a case to the ima^nation, and, 
assuming the undulatory theory to be a reality, we have, I 
think, fairly reasoned our way to the conclusion that, were 
particles, small iu oompariaon to the size of the ether-waves, 
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sown ID our atmosphere, the light ecattered by those parti- 
cles would bo exactly such as we observe in our azure skies. 
When this light ia aaalyzed, all the colors of the spectrum 
arc found ; but they are found in the proportions indicated 
by our cooclusion. 

Let us now turn our attention to the light which passes 
unscattered among the particles. How must it be finally- 
affected ? By its successive collisions with the particles, 
the white light is more and more robbed of its shorter 
waves ; it therefore loses more and more of its duo propor- 
tion of blue. The result may be anticipated. Tbo trans- 
mitted light, where short distances are involved, will appear 
yellowish. But as the sun sinks toward the horizon the 
atmospheric distances increase, and consequently the num- 
ber of the scattering particles. They abstract in succession 
the violet, the indigo, the blue, and even disturb the pro- 
portions of green. The transmitted light under such cir- 
cumstances must pass from yellow through orange to red. 
This also is exactly what we find in Nature. Thus, while 
the reflected light gives us at noon the deep azure of the 
Alpine skies, the transmitted light gives us at sunset the 
warm crimson of the Alpiue snows. The phenomena cer- 
tainly occur as if oar atmosphere were a medium rendered 
slightly turbid by the mechanical suspension of exceedingly 
small foreign particles. 

Here, as before, we encounter our skeptical " as if." It 
is one of the parasites of science, ever at hand, and ready 
to plant itself and sprout, if it can, on the weak points of 
our philosophy. But a stfong constitution defies the para- 
site, and in our case, as we question the phenomena, proba- 
bihty grows like growing health, until in the end the malady 
of doubt ia completely extirpated. The first question that 
naturally arises is. Can small particles be really proved to 
act in the manner indicated ? No doubt of it. Each ona 
of you can submit the question to an experimental test. 
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Water will not dissolve resin, but spirit will ; and when 
spirit which holds resin in solution is dropped into water, 
the resin immediately separates in solid partiOles, which 
render the water milky. The coarsencsg of this precipitate 
depends on the quantity of the dissolved resin. You can 
cause it to separate in thick dots or in exceedingly fine 
particles. Professor BrUcke has given us the proportiona 
which produce particles particularly suited to our present 
purpose. One gramme of clean mastic is dissolved in 
eighty-seven grammes of absolute alcohol, and the trans- 
parent solution ia allowed to drop into a beaker containing 
clear water kept briskly stirred. An exceedingly fine 
precipitate ia thus formed, which declares its presence by 
its action upon light. Placing a dark surface behind the 
beaker, and pennitting the light to fall into it from the top 
or front, the medium is seen to be distinctly blue. It is not 
perhaps so perfect a blue as I have seen on exceptional 
days, this year, among the Alps, but It ia a very fair sky- 
blue. A trace of soap in water gives a tint of blue. Lon- 
don, and I fear Liverpool milk, makes an approximation to 
the same color through the operation of the same cause ; 
and Helmholtz has irreverently disclosed the fact that the 
deepest blue eye is simply a turbid medium. 

The action of turbid media upon light was illustrated 
by Groethe, who, though unacquainted with the undula- 
tory theory, was led by his experiments to regard the 
firmament as an illuminated turbid medium with the dark- 
ness of space behind it. He describes glasses showing a 
bright yellosv by transmitted, and a beautiful blue by re- 
flected light. Professor Stokes, who was probably the first 
to discern tlie real nature of the aStion of smaU particles 
on the waves of ether, describes a glass of a similar kind.' 

' Tliis gluaB, by reflected light, had a color " strongly resembling that 
of ft decoction of u horao-chealnnt bark." Curioosly enough, Goethe 
rafen to thb.vei; decoction : " Uan nehme einen StreiTen friacbor Bitide 
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Capital speciniena of such glass are to be found at Salviati's 
in St James's Street. What artists call "chill" is no 
doubt an effect of this deacriptioa. Through the action of 
minute particles, the browns of a picture often present tho 
appearance of the bloom of a plum. By rubbing the vat^ 
nisli with a silk handkerchief optical continuity is estab- 
lished, and the chill disappears. Some years ago I wit>* 
neased Mr. Hirst esperimenting at Zermatt on the turbid 
water of tlie Visp, which was charged with the finely-divided 
matter ground down by the glaciers. When kept still for 
a day or so, the grosser matter sank, but the finer matter 
remained suspeuded, and gave a distinctly blue tinge to 
the water. The blueness of certain Alpine lakes has been 
shown to be in part dae to this cause. Professor Hoscoe has 
noticed several striking cases of a similar kind. In a very 
remarkable paper the late Principal Forbes showed that 
steam issuing from the safety-valve of a locomotive, when 
favorably observed, exhibits at a certain stage of its con- 
densation the colors of the sky. It is blue by reSected 
light, and orange or red by transmitted light. The same 
effect, as pointed out by Goethe, is to some estent ex- 
hibited by peat-smoke. More than ten years ago I amused 
myself at Killamey by observing on a calm day the straight 
smolie-columns rising from the cabin chimneys. It was 
easy to project the lower portion of a column against a 
dark pine, and its upper portion against a bright cloud. 
The smoke in the former case was blue, being sefin mainly 
by reflected light ; in the latter case it was reddish, being 
seen mainly by transmitted light. Such smoke was not in 
exactly t!ie condition to give us the glow of the Alps, 
but it was a step in 'this direction. BrUcke's fine pre- 
cipitate above referred to looks yellowish by transmitted 
TOD dsr KosHkastanie, man etecke densclben in ein (ilm Wnsscr, und ia 
dor kiirEesten Zoit werden wir dtis voUkommensta Uimmulbliu entstelm 
leheo." — Goethe's Wtrke, b. ixix., p. 21. ■ 
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light, but by duly strengtheiiing the precipitate you may 
render the white light of noon as ruby-colored as the 6un 
when seen through Liverpool smoke, or upon Alpine hori- 
eons. I do not, however, point to the gross smolte arising 
from coal as an illustration of the action of small particles, 
because such smoke soon absorbs and destroys the waves 
of blue instead of sending them to the eyes of the observer. 
These multifarious facts, and numberless others which 
cannot now be referred to, are explained by reference to 
the single principle, that where the scattering particles are 
small in comparison to the size of the waves we have in 
the reflected light a greater proportion of the smaller 
waves, and in the transmitted light a greater proportion 
of the larger waves, than existed in the original whita ■ 
light, Tlie physiological consequence is that in the one 
light blue is predominant, and in the other light orange 
or red. And now let us push our inquiries forward. 
Our best microscopes can readily reveal objects not more 
than 'iTriiFst'' ^^ ^'^ ''^'^^ ''^ diameter. This is less than 
the length of a wave of red light. Indeed, a first-rate 
microscope would enable us to discern objects not exceed- 
ing in diameter the length of the smallest waves of the 
visible spectrum. By tlio microscope, therefore, we can 
submit our particles to an experimental test. If they are 
as large as the light-waves they will infallibly be seen : 
and if they are not seen it is because they are smaller. I 
placed in the hands of our President a bottle containing 
Brllcke'a particles in greater number and coarseness than 
those examined by Brficke himself. The liquid was a 
milky blue, and Mr, Huxley applied to it hia highest 
microscopic power. lie satislied me at the time that had 
particles of even jou'aja th of an inch in diameter existed 
in the liquid they could not have escaped detection. But 
no particles were seen. Under the microscope the turbid 
I liquid was not to be distinguished from distilled water. 
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Brdcke, I may say, also fouad the particles to ha of ultra- 
microscopic magnitude. 

But wc Iiave it in our power to imitate far more closely 
than we liave bitiierto done the natural conditions of this 
problem. We can generate in air, as many of you know, 
BJ-tificial skies, and prove their perfect identity with tho 
natural one, aa regards the exhibition of a number of 
wholly uneipeoted phenomena. By a contiuuoua process 
of growth, moreover, we are able to connect aky-matter, 
if I may use the term, with molecular matter on the one 
side, and with molar matter, or matter in sensible masses, 
on the other. In illustration of this, I will take an ex- 
periment described by M. Morren of Marseilles at the last 
'meeting of the British Association. Sulphur and osygen 
combine to form sulphurous acid gaa. It is Ihia choking 
gas that is smelt when a sulphur-match is burnt in air. 
Two atoms of oxygen and one of sulphur constitute the 
molecule of sulphurous acid. Now it has been recently 
shown in a great number of instances that waves of ether 
isauing from a strong source, such as the 
electric hght, are competent to shake asunder the ati 
of gaseous molecules. A chemist would call this " decoi 
position" by light; but it behooves na, who are examin- 
ing the power and function of tho imaginatioa, to keep 
constantly before ua the physical images which underlie 
our terms. Therefore, I say, sharply and definitely, that 
the components of the molecules of sulphurous acid 
shaken asunder by the ether-waves. Enclosing the sul>^ 
glance in a suitable vessel, placing it in a dark room, and 
sending through it a powerful beam of light, we at first 
see nothing: the vessel containing the gas is as empty 
aa a vacuum. Soon, however, along the track of the 
beam a beautiful sky-blue color is observed, which is 
due to the liberated particles of sulphur. For a timo 
Uio blue grows more intense; it then becomes whitish 
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and from a whitish blue it passes to a more or leas perfect 
white. If the action be continued long enough, we end 
by filling the tube with a dense cloud of sulphur-particles, 
whioh by the application of proper means may be rendered 
visible. 

Here, then, our ether-waves untie the bond of chemical 
affinity, and liberate a body — sulphur — wliich at ordinary 
temperatures is a solid, and which therefore soon becomes 
an object of the senses. We have first of all the free 
atoms of sulphur, which are both invisible and incompetent 
to stir the retina sensibly with scattered light. But these 
atoms gradually coalesce and form particles, which grow 
larger by continual accretion, until after a minute or two 
they appear as sky-matter. In this condition they are in- 
visible themselves, but competent to send an amount of 
wave-motion to the retina sufficient to produce the fir- 
maraental blue. The particles continue, or may be caused 
to continue, in this condition for a considerable time, 
during which no microscope can oope with them. But 
they continually grow larger, and pass by insensible grada- 
tions into the state of cloud, when they can no longer elude 
the armed eye. Thus without solution of continuity we 
start with matter in the molecule, and end with matter in 
the mass, sky-matter being the middle term of the series of 
transform ations. 

Instead of sulphurous acid, we might choose from a 
dozen other substances, and produce the same effect with 
any of them. lu tlie case of some — ^probably in the case 
of all — it is possible to preserve matter in the skyey con- 
dition for fifteen or twenty minutes under the continual 
operation of the light. During these fifteen or twenty 
minutes the particles are constantly growing larger, with- 
out ever exceeding the size requisite to tlie production of 
the celestial blue. Now, when two vessels are placed be- 
[ (ore you, each containing sky^natter, it is possible to statfi 
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with great distinctness which vessel contains tbo largest 
particles. The retina is very sensitive to differences of 
light, when, as here, the eye is in comparative darkness, 
and when the quantities of wave-motion thrown agniiist 
the retina are smalL The larger particles declare them- 
selves by the greater whiteness of their scattered light 
Call now to mind the observation, or effort at observation, 
made by our President, when he failed to distinguish the 
particles of mastic in BrUcke's medium, and when you have 
done so follow me. I permitted a beam of light to act 
upon a certain vapor. In two minutes the azure appeared, 
but at the end of fifteen minutes it had not ceased to be 
azure. After fifteen minutes, for example, its color, and 
*ome other phenomena, pronounced it to be a blue of dis- 
tinctly smaller particles than those sought for in vain by 
Mr, Huxley. These particles, as already stated, must have 
been less than xjni'tfTnrt'' ^^ ^in inch in diameter. And now 
I want you to submit to your imagination the following 
question : Here are particles which have been growing 
continually for fifteen minutes, and at the end of that time 
are demonstrably smaller than those which defied the mi- 
croscope of Mr. Huxley: what must have been the size of 
these particles at the beginning of their growth f What 
notion can you form of the magnitude of such particles ? 
The distances of stellar space give us simply a bewildering 
sense of vastness without leaving any distinct impression 
on the mind, and the magnitudes with which we have here 
to do bewilder us equally in the opposite direction. We 
are dealing with infinitesimals compared with which the 
test objects of the microscope are literally immense. 

From their perviousness to stellar light and other coo- 
fiiderations, Sir John Hcrschel drew some Btartling conclu- 
sions regarding the density and weight of comets. You 
know that these extraordinary and mysterious bodies some- 
times throw out tails 100,000,000 of miles in length, and 
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60,000 miles in. diameter. The diameter of our earth is 
8,000 miles. Both it and the sky, and a good portion of 
space beyond the sky, would certainly be included in a 
sphere 10,000 miles across. Let us fill a hollow sphere of 
this diameter with cometary matter, and make it our unit 
of measure. To produce a comet's tail of the size just men- 
tioned, about 300,000 such measures would have to be 
emptied into space. Now, suppose the ■whole of this stuff 
to be swept together and suitably compressed, what do you 
suppose its volume would be ? Sir John Herscliel would 
probably tell you that the whole mass might be carted 
away at a single effort by one of your dray-horses. In fact, 
I do not know that he would require more than a Email 
fraction of a horse-power to remove the cometary dust. 
After this you will hardly regard as monstrous a notion I 
have sometimes entertained concerning the quantity of 
matter in our sky. Suppose a shell to surround the earth 
at a height above the surface which would place it beyond 
the grosser matter that hangs in the lower regions of Uie 
air — say at the height of the Matterhom or Mont BJanc, 
Outside this shell we have the deep-blue firmament. Let 
the atmospheric space beyond the shell be swept clean, and 
let the sky-matter be properly gathered up. What ia its 
probable amount ? I have sometimes thought that a lady's 
portmanteau would contain it all. I have thought that 
even a gentleman's portmanteau — possibly his snuff-box — 
might take it in. And whether the actual sky be capable 
of this amount of condensation or not, I eutertain no doubt 
that a sky quite as vast as ours, and as good in appearance, 
could be formed from a quantity of matter which might be 
held in the hollow of the hand. 

Small in mass, the vastness in point of numlier of the 
particles of our shy may be inferred from tfio continuity of 
its light. It ia not in broken patches, nor at scattered points 
that the heavenly azure is revealed. To the observer on 
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the summit of Mont Blane the bluo is as uniform anil i 
herent as if it formed tlie surface of tlie most close-grained 
solid. A marble dome would not exhibit a stricter con- 
tinuity. And Mr. Glaishcr will inform you that if our hy- - 
polhetical shell wore lifted to twice the height of Mont 
Blaac above the earth's surface, we should still have the 
azure overhead. Everywhere through the atmosphere those 
sky-particlea are strewn. They fill the Alpine valleys, 
spreading like a delicate gauze in front of the slopes of 
pine. They sometimes so swathe the peaks with light as 
to abolish their definition. Tliia year I have seen t 
Weisshorn thus dissolved in opalescent air. By proper 1 
instruments the glare thrown from the sky-partic!es against I 
the retina may be quenched, and then the mouutain which | 
it obliterated starts into sudden defiaition. Its extinction { 
in front of a dark mountain resembles exactly the with- 
drawal of a veil. It is the light then taking possession of ' 
the eye, and not the particles acting as opaque bodies, that 
iuterferea with the definition. By day this light quenches 
the stars; even by moonlight it is able to exclude from 
vision aU stars between the fiftli and the eleventh mngni- i 
tude. It may be likened to a noise, and the stellar radianoe 
to a whisper drowned by the noise. 

What is the nature of the particles which shed this 
light ? The colcbrated De la Rive ascribes the haze of the 
Alps iu fine weather to floating organic germs.- Now, the 
possible e.iistenceof germs in such profusion has been held 
up as an absurdity. It has been affirmed that they would 
darken the air, and on the assumed impossibility of their 
e.tistence in the requisite numbers, without invasion of the 
solar light, a powerful argument has been baaed by be- 
lie vera in spontaneous generation. Similar arguments 
have been used by the opponents of the germ theory of 
epidemic disease, who have triumphantly challeged an ap- 
peal to the microscope and the chemist's balance to decide 
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the question. Such argutneots are absolutely valueless. 
Without committing' mjself iu the least to De la Rive's 
notioD, without offering any objection here to the doctrine 
of spontaneous generation, without expressing any adhe- 
rence to the germ theory of disease, I would simply draw 
atlention to the fact that in the atmosphere we have parti- 
cles which defy both the microscope and the balance, which 
do not darken the air, and which exist, nevertheless, in 
multitudes sufGcient to reduce to insignificance the Israe!- 
itish hyperbole regarding the sands upon the sea-shore. 

The varying judgments of men on these and other ques- 
tions may perhaps be, to some extent, accounted for by 
that doctrine of relativity which plays so important a part 
in pliilosophy. This doctrine affirms that the impressions 
made upon us by any circumstance, or combination of cir- 
cumstances, depend upon our previous state. Two travellera 
upon the same peak, the one having ascended to it from 
the plain, the other having descended to it from a higher 
elevation, will be differently affected by the scene around 
them. To the one Nature is expanding, to the other it ia 
contracting, and feelings arc sure to differ which have two 
such different antecedent states. In our scientific judg- 
ments the law of relativity may also playan important part. 
To two men, one educated in the school of the senses, who 
has mainly occupied himself with observation, and the other 
educated in the school of imagination as well, and exercised 
in the conceptions of atoms and molecules, to which we 
have 80 frequently referred, a bit of matter, say ■nrlnr*'^ "' 
of an inch in diameter, will present itself differently. The 
one descends to it from his molar heights, the other climbs 
to it from hb molecular low-lands. To the one it appears 
Email, to the other large. So also as regards the apprecia- 
tion of the moat minute forma of life reve.iled by the nucro- 
Bcope. To one of these men they naturally appear conter- 
minous with the ultimate particles of matter, and he readily 
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figures tlic molecules from wliich tliey directly spring; with " 
him there is but a. step from the atom to tbe organism. 
The other discerns numberless organic gradations between 
both. Compared with his atoms, the smallest vibrios and 
bacteria of the microscopic field are as behemoth and levia- -' 
thao. ITie law of relativity may to some extent explain T 
the different attitudes of these two men with regard to the J 
question of spontaneous generation. An amount of evi- J 
dence -wliich satisfies the one entirely IJiils to satisfy the j 
other; and while to the one the last Iwld defence and si 
ling expansion of the doctrine will appear perfectly conolu- 1 
sive, to the other it will present itself as imposing a profit- [ 
less labor of demohtion on subsequent investigators.' 

I trust, Mr, President, that you— whom untoward circ 
stances have made a biologist, but who still keep alive your J 
sympathy with that class of inquiries which Nature intend- 1 
ed you to pursue and adorn — will excuse me to your'breth- [ 
rcn if I say that some of thoni seem to form an inadequate 
estimate of the distance which separates the microscopio | 
from the molecular limit, and that, as a consequence, they 
sometimes employ a phraseology which is calculated to n 
lead. When, for example, the contenta of a cell are de- 
scribed as perfectly homogeneous, as absolutely structure- 
less, because the microscope fails to distinguish any struct- 
ure, then T think the microscope begins to play a mischiev- 
ous part. A little consideration will make it plain to all 
of you that the microscope can have no voice in the teal 
question of germ-structure. Distilled water is more per- 
fectly homogeneous than the contents of any possible 
ganic germ. What causes the liquid to cease contracting 
at 39° Fahrenheit, and to expand until it freezes ? It is a 
structural process of which the microscope can take no 
note, nor is it likely to do so by any conceivable extension 

' A cesolule scruliny of llic eiperime nls, recpntlj execuied with 
*eroreiice to (bh queation, ia sure to jidd inelnicliTe results. 
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o£ its powers. Place this dietiUed water in the field of an 
eleotro-raagnet, and bring a microscope to boar upon it. 
Will anj" cliang* be observed when the magnet is excited ? 
Absolutely none ; and still profound and comples changes 
have occurred. First of all, the partielca of water are ren- 
dered diaraagnetically polar; and secondly, in virtue of the 
structure impressed upon it by the magnetic strain of its 
molecules, the liquid twists a ray of light in a fashion per- 
fectly determinate both ag to quantity and direction. It 
would be immensely interesting to both you and me if one 
whom I hoped to see here present,' who has brought his 
brilliant imagination to bear upon thissubject, could make 
ua see as he sees the entangled molecular processes involved 
in the rotation of the phine of polarization by magnetio 
force. While dealing with this question, he lived in a world 
of matter and of motion, (o which the microscope has no 
passport, aod in which it can offer no aid. The cases in 
which similar conditions hold are simply numberless. Have 
the diamond, the amethyst, and the countless other crystals 
formed in the laboratories of Nature and of man no struct- 
ure ? Assuredly they have ; but what can the microscope 
make of it ? Notliiiig. It cannot be too distinctly bome 
in mind that between the microscope limit and the true 
molecular limit there is room for infinite permutations and 
combinations. It' is in this region that the poles of the 
atoms are arranged, that tendency is given to their powers, 
so that when these poles and powers have free action and 
proper stimulus in a suitable environment, they determine 
first the germ, and afterward the complete organism. This 
first marshalling of the atoms on which all subse<Juont ac- 
r tion depends bafiles a keener power than that of the micro- 
f scope. Through pure excess of complexity, and long bo- 
f fore observation can have any voice in the matter, the most 
P Inghly-trained intellect, the most refined and disciplined 
' Sir WflUnm Tliooison 
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imagination, retires in bewilderment from the contempla- 
tion of tbe problem, We are struck dumb by an aatonish- 
ment which no microscope can relieve, doubting not only 
tbe power of our instrument, but even whether we ourselves 
possess the intellectual elements which will ever enable us 
to grapple w-tn the ■ultimate structural energies of Nature. 
But the speculative faculty, of whicb imagination forma 
BO large a part, will nevertheless wander into regions where 
the hope of certainty would seem to be entirely shut out. 
We think that though the detailed analysis may be, and 
may forever remain, beyond us, general notions may be at- 
tainable. At all events, it is plain that beyond the present 
outposts of microscopic inquiry lies an immense field for 
the exorcise of tbe speculative power. It is only, however, 
the privileged spirits who know how to use tbcir liberty 
without abusing it, who are able to surround imagination 
by the firm frontiers of reason, that are likely to work with 
any profit here. But freedom to them is of such paramount 
importance that, for the sake of securing it, a good deal of 
wildness on the part of weaker brethren may be overlooked. 
In more senses than one Mr, Darwin has drawn heavily 
upon the scientific tolerance of Lis age. He has drawn 
heavily upon time in bis development of species, and he baa 
drawn adventurously upon matter in his theory of pangen- 
esis. According to this theory, a germ already microscopic 
is a world of minor germs. Not only is the organism as a 
whole wrapped up in tbe germ, but every organ of the or- 
ganism has there its special seed. This, I say, is an adven- 
turous draft on the power of matter to divide itself and 
distribute its forces. But, unless we are perfectly sure that 
he ia overstepping the bounds of reason, that he is unwiU 
tingly sinning against observed fact or demonstrated law — 
for a mind like that of Darwin can never sin wittingly 
against either fact or law — we ought, I think, to be cautious 
in limiting his intellectual borizon. If there be the least 
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doubt in the matter, it ougLt to be given in fiivor of tbe 
freedom of such a. mind. To it a vast possibility is in ifc- 
Belf a dynamic power, though the possibility may never 
be drawn upon. It gives me pleasure to think that the 
facts and reasonings of this discourse tend rather toward 
the justification of Mr. Darwin than toward his condemna- 
tion, that they tend rather to augment than to diminish the 
cubic space demanded by this soaring speculator ; for they 
seem to show the perfect competence of matter and force, 
as regards divisibility and distribution, to bear the heaviest 
strain that he has hitherto imposed upon them. 

In the case of Mr. Darwin, observation, imagination, and 
reason combined, have run back with wonderful sagacity 
and success over a certain length of the line of biological 
succession. Guided by analt^y, in his " Origin of Species," 
he placed at the root of life a primordial germ, from which 
he conceived the amazing richness and variety of the life 
that now is upon the earth's surface might be deduced. If 
this hypothesis were true, it would not be final. The hu- 
man imagination would infallibly look behind the germ, 
and, however hopeless the attempt, would inquire into the 
history of its genesis. In this dim twilight of conjecture 
the searcher welcomes every gleam, and seeks to augment 
hia light by indirect incidences. He studies the methods 
of Nature in the ages and the worlds within his reach, in 
order to shape the course of speculation in the antecedent 
ftgea and worlds. And though the certainty possessed by 
experimental inquiry is here shut out, the imagination is 
not left entirely without guidance. From the examination 
of the solar system, Kant and Laplace came to the conclu- 
sion that its various bodies once formed parts of the same 
undislocated mass ; that matter in a nebulous form preceded 
matter in a dense form ; that as the ages rolled away, heat 
was wasted, condensation followed, planets were detached, 
ind that finally the chief portion of the fiery cloud reached, 
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by scir-compreasion, the magnitude and density of our g 
riie earth itself offora evidence of a fiery origiu ; and in our 
day tbe hypothesis of Kant and Laplace receives the inde- 
pendent countenance of spectrum analysis, which proves 
the same substances to be common to the earlli and sun. 

Accepting some such view of the construction of our 
system as probable, a desire immediately arises to connect 
the present life of our planet with the past. We wish to 
know something of our remotest ancestry. On its first de- 
tachment from the central mass, life, as we understand it, 
could hardly have been present on the earth. How, then, 
did it come there ? The thing to be encouraged here ia 
a reverent freedom — a freedom preceded by the hard disci- 
pline which checks licentiousness iu epeculation — while the 
thing to be repressed, both in science and out of it, is dog- 
matism. And here I am in the hands of the meeting — 
willing to end, but ready to go on, I have no right to in- 
trude upon y u, unasked, the unformed notions which are 
float Ik 1 d or gathering to more solid consistency 
in tl mod p ulative scientific mind. But if youwisb 
me t p k pi nly, honestly, and undisputatiously, I am 
will g t d On the present occasion — 

" Ton are ordained to call, sail I to cQtoe." 

Two views, then, offer themselves to us. Life was pres- 
ent potentially in matter when in the nebulous form, and 
was unfolded from It by the way of natuml development, 
or it is a principle inserted into matter at a later date. -With 
regard to the question of time, the views of men have 
-chaogod remarkably iu our day and generation ; and I 
must say as regards courage also, and a manful willingness 
to engage in open contest, with fair weapons, a great 
change has also occurred. The clergy of England — at all 
events the clergy of London — have nerve enough to listen 
to the strongest views which any one among us would care 
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to uLter; and they invite, if they do Bot challenge, men o£ 
the most decided opinioDs to state and stand by those opin- 
ions in open court. Let the hardiest theory be stated only 
in the language current among gentlemen, and they look it 
in the face ; smiting the theory, if they do not like it, not 
■with theologicfulraination, but with honest secular strength. 
With the country clergy I am told the case is different. It 
is right that I should say this, because the clergy of I-on- 
don have more than once offered me tho chance of meeting 
them in open, honorable discussion. 

Two or three years ago, in an ancient London College, 
I listened to such a discussion at the end of a remarkable 
lecture by a very remarkable man. Three or four hmidred 
clergymen were present at the lecture. Tlie orator began 
with the civilization of Egypt in the time of Joseph ; 
pointing out that the veiy perfect organization of the 
kingdom, and the possession of chariots, in one of which 
Joseph rode, indicated a long antecedent period of civili- 
zation. He then passed on to the mud of the Nile, its 
rate of augmentation, iia present thickness, and the re- 
mains of human handiwork found therein ; tience to the 
rocks which bound the Nile valley, and which teem witli 
organic remains. Thus in his own clear and admirable 
way he caused the idea of the world's age to expand itself 
indefinitely before the mind of his audience, and he con- 
trasted this with the age usually assigned to the world. 
During hia discourse he seemed to be swimming against 
the stream ; he manifestly thouglit that he was opposing 
a general conviction. He expected resistance ; so did I. 
But it was all a mistake : there was no adverse current, 
no opposing conviction, no resistance, merely here and 
(here a Imlf-humorons, but unsuccessful attempt to entan- 
gle him in his talk. Tlio meeting agreed with all that 
had been said regarding the antiquity of the eartb and of 
its life They had, indeed, known it all long ago, and 
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they good-hutaoredly rallied the lecturer for coming among 
them with so stale a story. It was quite plain that thU 
large body of clergyroen, who were, I should say, the finest 
samples of their class, had entirely given up the ancient 
landmarks, and transported the conception of life's origin 
to an indefinitely distant past. 

This leads us to the gist of our present inquiry, which 
is this : Docs life l>clong to wliat we call matter, or is it an 
independent principle inserted into matter at some suitable 
epoch — say when the physical conditions became such as to 
permit of the development of life ? Let us put the ques- 
tion with all the reverence due to a faith and culture in 
which we all were cradled — a faith and culture, moreover, 
which are the undeniable historic antecedents of our pres- 
ent enlightenment. I say, let us put the question rever- 
ently, but let us also put it clearly and definitely. There 
are the strongest grounds for believing- that during a cer- 
tain period of its history the earth was not, nor was it fit 
to be, the theatre of life. Whether this was ever a nebu- 
lous period, or merely a molten period, does not much 
matter ; and if we revert to the nebulous condition, it ia 
because the probabilities are really on its side. Our ques- 
tion b this : Did creative energy pause until the nebulous 
matter had condensed, until the earth had been detached, 
until the solar fire had so far withdrawn from the earth's 
vicinity as to permit a crust to gather round the planet J 
Did it wait until the air was isolated, until the seas were 
formed, until evaporation, condensation, and the descent of 
rain had begun, until the eroding forces of the atmosphere 
had weathered and decomposed the molten rocks so as to 
form soils, until the sun's rays had become so tempered by 
distance and by waste as to be chemicaDy fit for tiie de- 
compositions necessary to vegetable life? Having waited 
through those JEous until the proper conditions had set in, 
did it send the fiat forth, " Let Life be 1 " ? These quea- 
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tions define a hypothesis not without its difficulties, but 
I the dignity of which was demonstrated by the nobleness 
of the men whon) it sustained. 

Modern scientific thought is called upon to decide be- 
tween this hypothesis and another: and public thought 
generally will afterward be called upon to do the eame. 
You may, however, rest secure in the belief that the hy- 
pothesis just sketched can never be stormed, and that it is 
sure, if it yield at all, to yield to a prolonged siege. To 
gain new territory modern argument requires more time 
than modem arms, though both of them move with greater 
rapidity than of yore. But however the convictions of indi- 
viduals here and there may be influenced, the process must 
be slow and secular which commends the rival hypothesia 
of Natural Evolution to the public mind. For what are the 
core and essence of this hypothesis 1 Strip it naked and 
you stand face to face with the notion that not alone the 
more ignoble forms of animalcular or animal life, not alone 
the nobler forms of the horse and lion, not alone the exqui- 
site and wonderful mechanism of the human body, but that 
the human mind itself — emotion, intellect, will, and all their 
phenomeua — were once latent in a fiery cloud. Surely 
the mere atatemeat of such a notion is more than a refu- 
tation. But the hypothesis would probably go even further 
than this. Many who hold it would probably assent to the 
poaitioa that at the present moment all our philosophy, all 
our poetiy, all our science, and all our art — Plato, Shake- 
speare, Newton, and Raphael — are potential in the fires of 
the sun. We long to learn something of our origin. If 
the Evolution hypothesis be correct, even this unsatisfied 
yearning must have come to us across the ages which aepa- 
I rate the unconscious primeval mist from the consciousness 
o-day. I do not think that any holder of the Evolnlion 
lothesis would say that I overstate it or overstrain it in 
way. I merely strip it of all vagueness, and bring 
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before you unclothed and unvarnished tlie notions by which 
it must stand or fall, 

" Surely these notions represent an abaiuility too mon- 
strous to be entertained by any sane mind. X«t us, how- 
ever, give them fair play. Let ua steady ourselves in front 
of the hypothesis, and, dismiasing all terror and excitement 
from our minds, let ua look firmly into it with the hard sharp 
eye of intellect alone. Why are these notions absurd, and 
why should sanity reject them ? The law of Relativity, of 
which we have previously spoken, may find its application 
here. These Evolution notions are absurd, monstrous, and 
fit only for the intellectual gibbet, in relation to the ideas 
concerning matter which were drilled into us when young. 
Spirit and matter have ever been presented to us in the 
rudest contrast, the one as all-noble, the other aa all-vile. 
But is this correct ? Does it represent what our mightiest 
spiritual teacher would call the Eternal Fact of the Uni- 
verse? Upon the answer to this question all depends. 
Supposing, instead of having the foregoing antithesis of 
spirit and matter presented to our youthful minds, we had 
been taught to regard them as equally worthy and equally 
wonderiul ; to consider them in fact as two opposite faces 
of the self-same mystery. Supposing that in youth we had 
been impregnated with the notion of the poet Goethe, in- 
stead of the notion of the poet Young-, looking at matter, 
not as brute matter, but as " the living garment of God ; " 
do you not think that under these altered circumstances 
the law of Relativity might have had an outcome different 
from its present one ? Is it not probable that our repug- 
nance to the idea of primeval union between spirit and 
matter might be considerably abated ? Without this total 
revolution of the notions now prevalent, the Evolution hy- 
pothesis must stand condemned ; but in many profoundly 
thoughtful minds such a revolution has already taken place. 
They degrade neither member of the mysterious duality 
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referred to ; but they exalt one of them from its abasement, 
and repeal the divorce hitherto existing between both. In 
substance, if not in words, their position as regards tho 
relation of spirit and matter ia : " "WTiat God hath joined 
together let not man put asunder." And with regard to 
the agea of forgelfulnesa which lie between the unconsciona 
life of the nebula and the conscious life of the earth, it ia, 
they would urge, but an extension of that forgetfuluess 
which preceded the birth of ua all. 

I have thus led you to the outer rim of speculative 
science, for beyond the nebulie scientific thonght has never 
ventured hitherto, and have tried to state that which I con- 
sidered ought, in fairness, to be outspoken. I do not think 
this Evolution hypothesis is to be flouted away contempt- 
ously ; I do not think it is to be denounced as wicked. It 
is to be brought before the bar of disciplined reason, and 
there justified or condemned. Let us hearken to those who 
wisely support it, and to those who wisely oppose it ; and 
let us tolerate those, and they are many, who foolishly try 
to do either of these tbings. The only thing out of place 
in the discussion is dogmatism on either side. Fear not 
the Evolution hypothesis. Steady yourselves in its presence 
upon that faith in the ultimate triumph of truth which was 
expressed by old Gtamaliel when he said : " If it be of God, 
ye cannot overthrow it ; if it be of man, it will come to 
naught." Under the fierce light of scientific inquiry, this 
hypothesis is sure to be dissipated if it possess not a core 
of truth. Trust me, its existence as a hypothesis in the 
mind is quite compatible with the simultaneous existence 
of all those virtues to which the term Christian has been 
applied. It does not solve — it does not profess to solve — 
the ultimate mystery of this universe. It leaves in fact 
that mystery untouched. For granting the nebula and its 
potential life, the question, whence came they ? woiJd still 
remain to baffle and bewilder us. At bottom, the hypothe- 
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sis does nothing more than "transport the conception of 
life's origin to an indefinitely dbtant past." 

Those who hold the doctrioe of Evolution are hy no 
means ignorant of the uncertainty of their data, and they 
yield no more to it than a provisional assent; They regard 
tiie nebular hypothesis as probable, and in the utter absence 
of any evidence to prove the act illegal, they extend the 
method of Nature from the present into the past. Here the 
observed uniformity of Nature is their only guide. Within 
the long range of physical inquiry, they have never dis- 
cerned in Nature the insertion of caprice. Throughout 
this range the laws of physical and intellectual continuity- 
have run side by side. Having thus determined the ele- 
ments of their curve in a world of observation and experi- 
ment, they prolong that curve into an antecedent world, 
and accept as probable the unbroken sequence of develop- 
ment from the nebula to the present time. You never hear 
the really philosophical defenders of the doctrine of Uni- 
fonnity epoaking of impossibilities in Nature. They never 
say, what they are constantly charged with saying, that it 
is impossible fof the Builder of the universe to alter Hi ^ 
work. Their business is not with the possible, but the 
actual— not with a world which might be, but with a world 
that is. This they explore with a courage not unmised 
with reverence, and according to methods which, like the 
quality of a tree, are tested by their fruits. They have but 
one desire — to know the truth. They have but one fear — , 
to believe a lie. And if they know the strength of science, 
and rely upon it with unswerving trust, they also know the 
limits beyond which Bciencc ceases to be strong. They best 
know that questions offer themselves to thought which 
science, as now prosecuted, has not even the tendency to 
solve. They keep such questions open, and will not toler- 
ate any unnecessary limitation of the horizon of their souls. 
They have aa little fellowship with the atheist who says 
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there is no God, as with the theist who professes to know 
the mind of God. "Two things," said Immanuel Kant, 
" fill me with awe : the starry heavens and the sense of 
moral responsibility in man." And in his hours of health 
and strength and sanity, when the stroke of action has 
ceased and the pause of reflection has set in, the scientific 
investigator finds himself overshadowed by the same awe. 
Breaking contact with the hampering details of earth, it 
associates him with a power which gives fulness and tone 
to his existence, but which he can neither analyze nor com* 
prehend. 



A TRANSLATION 



GOETHE'S PROEMIUM TO "GOTT USD WELT." 



To nim who from cteraily, self-stirred, 
EimBell' hath made by His ereative word ! 
To Him, Supreme, who canaeth faith, to be, 
Trust, hope, love, power, and endlcES energy 1 
To Him, who, seek to nimo Him as wo will, 
UNKNOWK within Himself abideth still 1 

Strain ear and ejc, till sight and sense be dim ; 

Thoo'lt End but faint similitudes of Him r 

Tea, and thy ppirit in her flight of flame 

Still strircs to gauge tbe eymbol and the name : 

Charmed and eompclled thou climli'st from height to height, 

And round thj patb tho world shines wondrous bright ; 

Time, gpaee, and sixe, and distance cease to be, 

And erery step is fresh infinity. 

^Tliat were the God who sat oatside to scim 
Tbe spheres that 'neath His Gngor circling no * 
God dwells within, and moves the world and moulds. 
Himself and Nature in one form enfolds : 
Thus all that lives in Him, and broathea, and is. 
Shall ne'er His puissance, ne'er His spirit luifis. 

The soul of man, too, U a nniverse; 

Whenee follows it that race with raeo coni^urs 

In framing all it knows of good and true 

God ? — yea, its own God ; and, with homage due. 

Surrenders to ^]s sway both earth and heaven ; 

FearB Him, and loves, where place Ibr love is given. 
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^ vlalor, SeplenJm- 24, 1870, 
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*^ Forsitan et rosea Sol alte lampade lucens, 
Possideat multum caecis fervoribus ignem 
Gircum se, qui sit fulgore notatus, 
JBstifer ut tantum radiorum exaugeat ictum.** 

iMcretius^ V. 610. 

*' Perhaps too the sun as he shines aloft with rosy lamp has round 
aoout him much fire with heats that are not visible, and thus the fire may 
be marked by no radiance, so that fraught with heat it increases to such 
a degree the stroke of the rays." — Monro's TrandcUion. 

My attention was drawn to this remarkable passage by* the late ex* 
eellent and accomplished Sir Edmund Head, Bart. 



nu. 

HABIATIOS: 



1. Visible and InvUible Hadiation. 

Between the mind of man and the outer world are in- 
terposed tlie nerves of the human body, which translate, 
or enable the mind to translate, the impressions of that 
world into facta of consciousness and thought. 

Different nerves are suited to the perception of different 
impressions. We do not Bee with the ear, nor hear with 
the eye, nor are we rendered sensible of sound by the 
nerves of the tongue. Out of the general assemblage of 
physical actions, each nerve, or group of nerves, selects and 
responds to those for the perception of which it is specially 



^f The optic nerve passes from the brain to the back of 

the eyeball and there spreads out, to form the retina, a web 
of nerve 6!ament8, on which the images of eitemal objects 
are projected by the optical portion of the eye. This nerve 

I is hmited to the apprehension of the phenomena of radia- 
tion, and, notwithstanding its marvellous sensibility to 
certain impressions of this class, it is singularly obtuse tc 
other impressions. 
Nor does the optic nerve embrace the entire range even 
of radiation. Some rays, when they reach it, are incom- 
petent to evoke its power, while others never reach it at 
ill, being absorbed by the hiftnora of the eye. To all rays 
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Tvliich, whether they reach the retina or not, fail to excite, 
vision, we give the name of invisible or obscure rays. Ail, 
non-luminous bodies emit such rays. There is no body " 
Nature absolutely cold, and every body not absolutely cold; 
emits rays of heat. But to render radiant beat fit to afieot, 
the optic nerve a certain temperature ia necessary. A cool. 
poker thrust into a fire remains dark for a time, but when 
its temperature has become equal to that of the Eurroundinjf. 
coals it glows like them. Ia like manner, if a current of, 
electricity of gradually increasing strength be sent throu^iJ 
a wire of the refractory metal platinum, the wire first 
comes sensibly warm to the touch ; for a time its heat a 
ments, still, however, remaining obscure ; at length we 
no longer touch the metal with impunity ; and at a. ceri 
definite temperature it emits a feeble red light. As 
current augments in power the light augments in brilliancy, 
until finally the wire appears of a dazzling white, 
light which it now emits is similar to that of the sun. 

By means of a prism Sir Isaac Newton unravelled the 
texture of solar light, and by the same simple instrument 
we can investigate the luminous changes of our platinuia 
wire. In passing through the prism all its rays (and they 
are infinite in variety) are bent or refiracted from th»r 
straight course ; and as different rays are differently re- 
fracted by the prism, we are by it enabled to separate one. 
class of rays from another. By such prismatic analysis Dr. 
Draper has shown that, when the platinum wire first begiaa. 
to glow, the bght emitted is a pure red. As the glow 
augments the red becomes more brilliant, but at the same 
time orange rays are added to the emission. Augment! 
the teiqperatnre still further, yellow rays appear beside 
orange, after the yellow green rays are emitted, and a 
the green come, in succession, blue, indigo and violet rayau 
To display all these coIorB at.the same time the platinun^ 
wire must be white- hoi : the impression of whiteness being. 
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in fact produced ty the simiiltancous action of all llieec 
colors on ihe optic nerve 

In tlie experiment just described we began with a platr 
inum wire at an ordinary temperature, and gradually 
raised it to a wbite heat. At the beginning, and even 
before the electric cvurent had acted at all upon the wire, 
it emitted invisible rays. For some time after the action 
of the current had commenced, and even for a time after 
the wire had become intolerable to the touch, its radiation 
was still invisible. The question now arises, what becomes 
of these invisible rays when the visible ones make their 
appearance? It will be proved in the sequel that they 
maintain themselves in the radiation ; that a ray once 
emitted continues to be emitted when the temperature 
is increased, and hence the emission Irom our platinum 
wire, even when it has attained ita maximum brilliancy, 
consists of a mixture of visible and invisible rays. If, 
instead of the platinum wire, the earth itself were raised to 
incandescence, the obscure radiation which it now emits 
would continue to be emitted. To reach incandescence the 
planet would have to pass tlirough all the stages of non- 
luminous radiation, and the final emission would embrace 
the rays of all these stages. There can hardly be a doubt 
that from the sun itself, rays proceed similar In kind to 
those which the dark earth pours ni^tly into space. In 
fact, the various kinds of obscure rays emitted by all the 
planets of our system are included in the present radiation 
of the sun. 

The great pioneer in this domain of science was Sir 
William Herschel. Causing a beam of solar light to pass 
through a prism he resolved it into its colored constituents ; 
he formed what is technically called the solar spectrum. 
Exposing thermometers to the successive colors he deter- 
mined their heating power, and found it to augment from 
tie violet or most refracted end, to the red or least refracted 
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end of tlie spectrum. But he did not stop here. Pushing 
Ms thermometers into the dark space beyond the red be 
found that, though the light had disappeared, the radmai I 
heat fulling on the instruments was more intense than that 
at any visible part of the spectrum. In fact, Sir WilUam ] 
Herachel showed, and bis results have been verified by vari- 
ous philosophers since hia time, that besides its luminous 
raya, the sun pours forth a multitude of other rays moiB 
powerfully calorific than the luminous ones, but entirely i 
uusuited to the purposes of vision. 

At the less refrangible end of the solar spectrum, then,, 
the range of the sun's radiation is not limited by that of 
the eye. The same statement applies to the more refran- 
gible end. Hitter discovered the extension of the spectrum 
into the invisible region beyond the violet; and, in recent 
times, this ultra-violet emission has had peculiar interest [ 
conferred upon it by the admirable researches of Professor 
Stokes. The complete spectrum of the sun consists, there- 
fore, of three distinct parts : first, of ultra-red rays of high 
heating power, but unsuited to the purposes of visi 
secondly, of luminous rays which display the succession of 
colors, red, orange, yellow, green, blue, indigo, violetj j 
thirdly, of ultra-violet rays which, like the ultra-red ones, I 
are incompetent to excite vision, but which, unlike th0*1 
ultra-red rays, possess a very feeble heating power. 
consequence, however, of their chemical energy these ultw^n 
violet raya are of the utmost importance to the orgamo?] 
world. 

3. Origin and Character of Radiation. Tlie Ether. 
When we see a platinum wire raised gradually to a ' 
white heat, and emitting in succession all the colors of the 
spectrum, we are simply conscious of a series of changes ii 
the condition of our own eyes. We do not see the actions 
in which these successive colors originate, but the mind 



RADIATION. 171 

uresistibly infers that the appearance of tbe colors corre- 
sponds to certain contemporaneous chaugea in the wire. 
What is the nature of these chanfjes ? In virtue of what 
condition does the wire radiate at all? Wo must now 
look from the wire as a whole to its constituent atoms. 
Could we see those atoms, even before the electric current 
has begun to act upon them, we should find them in a 
state of vibration. In this vibration, indeed, consists such 
warmth as the wire then possesses. Locke enunciated this 
idea with great precision, and it seems placed beyond the 
pale of doubt by the excellent quantitative researches of 
Mr. Joule. " Heat," says Locke, " is a very brisk agitation 
of the insensible parts of tlie object, which produce in us 
that sensation &om which wo denominate tho objeot hot: 
BO what in our sensation is heat in the object is nothiug 
but motion," When the electric current, still feeble, begins 
to pass through the wire, its first act is to intensify the 
vibrations already existing, by causing the atoms to swing 
through wider ranges. Technically speaking, the ampli- 
tudes of the oscillations are increased. The current does 
this, however, without altering the periods of the old vi- 
brations, or the times in which they were executed. But 
besides intensifying the old vibrations the current gener- 
ates new and more rapid ones, and when a certain de&nite 
rapidity has been attained the wire begins to glow. The 
color first exhibited ia red, which corresponds to the lowest 
rate of vibration of which the eye ia able to take cognizance. 
By augmenting the strength of the electric current more 
rapid vibrations are introduced, and orange raya appear. 
A quicker rate of vibration produces yellow, a still quicker 
jfreen ; and by further augmenting the rapidity, we pass 
through blue, indigo, and violet, to the extreme ultra-violet 
rays. 

Such are the changes which science recogniaoa in the 
l>.Vire itself, as concurrent witii the visual changes taking 
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plnce in tlie eye. But what coanccta tlie wire witli t 
organ ? Bj what means does it send such intelligence a 
its varying condition to the optic nerve ? Heat being, i 
defined by Locke, " a very brisk agitation of the ineensibl^ 
parts of aa object," it is readily conceivable that oi 
i7ig a, heated body tlie agitation may coniniuiucate itself tol 
the adjacent nerves, and announce itself to them as light 
or heat. But the optic nerve does not touch the hot plat|i 
num, and hence the pertinence of the question, I 
agency arc the vibrations of the wire transmitted to tlu 
eje? 

The answer to this question involves, perhaps, the n 
important physical conception that the mind of man hsj 
yet achieved : the conception of a medium filling space a 
fitted mechanically for the transmission of the vibraUoi 
of light and heat, as air is fitted for the transmission o 
sound. This medium is called the luminiferous e 
Every Tibration of every atom of our platinum wire n 
in this ether a wave, which speeds through it at the r 
of 18G,000 miles a second. The ether suffers no 
of continuity at the surface of the eye, the inter-molecul 
spaces of the various humors arc filled with it; hence tlx 
waves generated by the glowing platinum can cross thai 
humors and impinge on the Optic nerve at the back of the^ 
eye. Thus the sensation of light reduces itself to the contJ 1 
munication of motion. Up to this point we deal with pun^l 
mechanics; but the subsequent translation of the shock a 
the ethereal waves into consciousness eludes the analyaii 
of science. As an oar dippinj; into the Cam generate 
systems of waves, which, speeding from the centre of dia-^ 
turbance, finally stir the sedges on the river's bank, so do''« 
the vibrating atoms generate in the surrounding ether ua>J 
dulations, which finally stir the filaments of the retinokS 
The motion thus imparted ia transmitted with measuralid 
ftnd not very great velocity to the bra,in, whore, by a prg 
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cess which suience does not even tend to unravel, the tre- 
mor of the nervous matter is converted into the conscious 
impression of light. 

Darkness might then be defined as ether at rest; light 
as ether in motion. But in reaUty the ether is never at 
rest, for in the ahsence of light-waves we have heat-waves 
always speeding through it. In the spaces of the universe 
botti classes of undulations incessantly commingle. Here 
3 issuing from uncounted centres cross, coincide, 
oppose, and pass through each other, without confusion or 
ultimate extinction. The waves from tie zenith do' not 
jostle out of existence those from the horizon, and every 
star is seen across the entanglement of wave-m.otions pro- 
duced hy all other stara. It is the ceaseless thrill which 
those distant orbs collectively create in the ether, which 
constitutes what we call tlie lemperature of space. As the 
ir of a room accommodates itscK to the requirements of an 
orchestra, transmitting each vibration of every pipe and 
string, so does the inter-stollar ether accommodate itself to 
the requirements of light and heat. Its waves mingle in 
space without disorder, each being endowed with an in- 
I dividuality as indestructible as if it alone had disturbed the 
universal repose, , 

All vagueness with regard to the use of the terms radlor 
tion and absorption will now disappear. Radiation is the 
oomniunication of vibratory motion to the ether, and when 
W L body is said to be chilled hy radiation, as for example the 
^^ grass of a meadow on a starlight night, the meaning is, that 
^B the molecules of the grass have lost a portion of their mo- 
^B tion, by imparting it to the medium in which they vibrate. 
^BlOn the other hand, the waves of ether once genei&ted may 
^P^BO strike against the molecules of a body exposed to their 
action as to yield up their motion to the latter ; and in thia 
transfer of the motion from the ether to the molecules con- 
sists the absorptio;i of radiant heat. All the pher 
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of heat are ia tbia way reducible to interclianges of motion 
and it is purely aa the recipients or the donors of this mo- 
tion, that we ourselves become conscious of the action of 
heat aud cold. 



3. ?i^ Atomic Theory in reference lo the Ether. 
The word " atoms " Las been more than once employi 



'^H 



in this discourse. Chemists have taught us that all matter 
is reducible to certain elementary forms to which they give 
this name. These atoms are endowed with powers of 
mutual attraction, and under suitable circumstances they 
coalesce to form compounds. Th.u3 osygen and hydrogen 
are elements when separate, or merely mixed, but they may 
be made to combine so as to form molecules, each consistintf 
of two atoms of hydrogen and one of oxygen. In this coup V 
dition they constitute water. So also chlorine and sodiuift4 
are elements, the former a pungent gas, the latter i 
metal ; and they unite together to form chloride of sodim 
or common salt. In the same way the element nitrogt 
combines with hydrogen, in the proportion of one atom o 
the former to three of the latter, to form ammonia 
of hartshorn. Picturing in imagination the atoms of eld 
mentary bodies as little spheres, the molecules of compout 
bodies must be pictured as groups of such spheres. This m 
the atomic theory as Dalton conceived it Now, if tli^ 
theory have any foundation in fact, and if the theory of 8 
ether pervading space and constituting the veidcle of atom 
motion be founded in fact, we may assuredly expect tw 
vibrations of elementary bodies to be profoundly modifiel 
by the act of combination. It is on the face of it aImo( 
certain that both as regards radiation and absorption, tha| 
is to say, both as regards the communication of motion t 
the ether and the acceptance of motion from it, the dept 
ment of the uncombined will be different from that of tbj 
ootiihincd atoms. 
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4. Abtorption of Madiant Seat by Gases. 

We have now to aubmit tlicse cooBiderationa to the 
only test hj wHch they can be tried, namely, that of ex- 
periment. An esperimcut is well defined as a question put 
to Nature ; but to avoid the risk of asking amiss we ought 
to purify the question from all adjuncts which do not necea- 
Barily belong to it. Matter has been shown to be composed 
of elementary constituents, by the compounding of which 
all its varieties are produced. But besides the chemical 
unions which tbey form, both elementary and compound 
bodies can unite in another and less intimate way. By the 
attraction of cohesion gases and vapors aggregate to liquids 
and solids, without any change of their chemical nature. 
We do not yet know how the transmission of radiant heat 
may be affected by the entanglement due to cohesion, and 
as our object now is to examine the influence of chemical 
union alone, we shall render our experiments more pure by 
liberating the atoms and molecules entirely from the bonds 
of cohesion, and employing them in the gaseous or vapor- 
ous form. 

Let us endeavor to obtain a perfectly clear mental image 
of the problem now before us. Limiting in the iirst place 
our inquiries to the phenomena of absorption, we have to 
picture a succession of waves issuing from a radiant source 
and passing through a gas ; some of them striking against 
the gaseous molecules and yielding up their motion to 
the latter; others gliding round the molecules or passing 
through the inter-molecular spaces without apparent binder- 
iSQce, The problem before us is to determine whether such 
firee molecules have any power whatever to stop the waves 
of heat, and, if so, whether different molecules possess this 
■power in different degrees. 

The source of waves which I shall choose for these 
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experimentB is a plate of copper, against the back of whidS 
a steady sheet of flame is permitted to play. On emerging 
from the copper, the waves, in the first instance, pasa 
tlirough a space devoid of air, and then enter a hollow 
glass cylinder, three feet long and three inches wide. The 
two eods of this cylinder are stopped by two plates of rock- 
salt, this being the only solid substance which offers a 
scarcely sensible obstacle to the passage of the calorific 
waves. After passing through the tube, the radiant heat 
fulls upon the anterior face of a thermo-electric pHe,' which 
instantly applies the heat to the generation of an electric 
current. This current conducted round a naagnetic needle 
deflects it, and the magnitude of the deflection is a measure 
of the heat falling upon the pUe. This famous instrument, 
and not an ordinary thermometer, is what we shall use in 
these inquiries, but we shall use it in a somewhat novel 
■way. As long as the two opposite faces of the thermo- 
electric pile are kept at the same temperature, no matter 
how high that may be, there is no current generated. The 
current is a consequence of the diff^enee of temperature 
between the two opposite faces of the pile. Hence, if after 
the anterior face has received the heat from our radiating 
source, a second source, which we may call the compensat- 
ing source, be permitted to radiate against the posterior 
face, this latter radiation will tend to neutralize the former. 
When the neutralization is perfect, the magnetic needle 
connected with the pile is no longer deflected, but points to 
the zero of the graduated circle over which it hangs. 

And now let us suppose the glass tube, through which 
pass the waves from the heated plate of copper, to be ex- 
hausted by an air-pump, the two sources of heat acting at 
the same time on the two opposite faces of the pile. Per- 
fectly equal quantities of heat bein;^ imparted to the two 

' In the Appendii to the Erst chapter of " Ilcat bs a. Mode of Motion," 
iLo construction of (he Ihermo-electric pile ia full; cipliiineij. 
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feces, the needle points to zero. Let anj gas be now per- 
mitted to enter the exhausted tube ; if the molecules pos- 
Bess any power of intercepting the calorific waves, the 
equilibrium previously esistiog will be destroyed, the com- 
pensating source will triumph, and a deflection of the mag- 
netic needle will be the immediate consequence. From the 
deflections thus produced by different gases, we can readily 
deduce the relative amounts of wave-motion which their 

I molecules intercept. 

' In this way the substances mentioned in the following 
table were examined, a small portion only of each being 
admitted into the glass tube. The quantity admitted was 
just sufficient to depress a column of mercury associated 
with the tube one inch ; in other words, the gases were 
examined at a pressure of one-thirtieth of an atmosphere. 
The numbers in the table eipress the relative amounts of 
wave-motion absorbed by the respective gasea, the quantity 
Intercepted by atmospheric air being taken as unity : 

Radiation through Gases. 



Oijgcn 1 

HjdrogEO 1 

, Carbonic oiide 760 

Oarbonio acid 972 

Hfdrochlorio acid 

Nitric ojide 

NitiDna oxide 

Sulphide of lijdrogon 2,11 



Olefiant gaa. . 
Sulpbnrous ae 



Every gas in this table is perfectly transparent to light, 
t is to say, all waves within the limits of the visible 
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Spectrum pass through it without obstruction ; but for ti 
waves of slower period, emanating izaia our heated p 
of copper, enonnouB differences of absorptive power s 
manifested. These differences illustrate in the most t 
pected manner the influence of chemical combination, 
the elementary gases, oxygen, hydrogen, and nitrogen, a 
the mixture atmospheric air, prove to be practical vacua t 
the rays of heat; for every ray, or, more strictly s] 
for every unit of wave-motion, which any one of them i 
competent to intercept, perfectly transparent ammonia L 
tercepts 5,400 units, olefiant gas 6,030 units, while sulphin 
ous acid gas absorbs C,480 units. What becomes of t 
wave-motion thus intercepted? It is applied to tbe heating 
of the absorbing gas. Through air, oxygen, hydrogen, g 
nitrogen, on tbe contrary, the waves of ether pass witboiil 
absorption, and these gases are not sensibly changed i 
temperature by the most powerful calorific rays. Tbe po ' 
sition of nitrous oxide in the foregoing table Is worthy of 
particular notice. In this gas we have the same atoms, in 
a state of chemical union, that exist uncombined in the 
atmospheric air; but the absorption of the compound ia 
1,800 timea that of air. 



5. Formation of InvmUe Foci, 

This extraordinary deportment of the elementary gases 
naturally directed attention to elementary bodies in another 
state of aggregation. Some of Melloni's results now at^ 
taincd a new significance ; for this celebrated experimenter 
had found crystals of the clement sulphur to be highly per- 
vious to radiant heat; he had also proved that lamp-black 
and black glass (which owes its blackness to the element 
carbon) were to considerable extent transparent to calorific 
rays of low refrangibility. These facts, harmonizing so 
strikingly with the deportment of the simple gases, su^ 





\ 



I 



RADIATION. 179 

jested further inquiry. Sulphur dissolved in bisulphite of 
carbon was found almost perfectly transparent. The dense 
and deeply-colored element bromine was esamined, and 
found competent to cut off the light of oiu- moat brilliant 
flames, wbile it transmitted the invisible calorific rays with 
extreme freedom. Iodine, the companion-element of bro- 
mine, was next thought of, but it was found impracticable 
to examine the substance in its usual solid condition. It 
however dissolves freely in bisulphide of carbon. There is 
no chemical uiuon between the liquid and the iodine ; it is 
BJmply a case of solution, in which the uneombined atoms 
of the element can act upon the radiant heat; When per- 
mitted to do so, it was found that a layer of dissolved 
iodine, sufficiently opaque to cut off the light of the mid- 
day sun, was almost absolutely transparent to the invisible 
calorific rays. 

By prismatic analysis Sir William Herschel separated 
the luminous from the non-luminous raya of the sun, and 
he also sought to render the obscure raya visible by con- 
centration. Intercepting the luminous portion of his spec- 
trum he brought, by a converging lens, the ultra-red raya 
to a focus, but by this condensation he obtained no light. 
The solution of iodine offers a means of filtering the solar 
beam, or, failing it, the beam of the electric lamp, which 
renders attainable far more powerful foci of invisible raya 
than could possibly be obtained by the method of Sir Wil- 
liam Herschel. For to form his spectrum he was obliged 
to operate upon solar light which had passed through 
a narrow slit or through a small aperture, the amount of 
the obscure heat being limited by this circumstance. But 
with our opaque solution we may employ the entire siirface 
of the largest lens, and having thus converged the rays, 
luminous and non-luminous, we can intercept the former by 
the iodine, and do what we please with the latter. Ex- 
periments of this character, not only with the iodine solu- 
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tion, but also wi]th black glass and layers of lamp-black, 
were publicly performed at tbe Royal Institution in Ibe 
early part of 1863, and the effeeta at the foci of it^rtslble 
rays then obtained were such as had never beer, witnessed 
previously. 

In the experiments here referred to, glass lenses were 
employed to concentrate the rays. But glass, though 
higbly transparent to the luminous, is in a. high degree 
opaque to the invisible heat-rays of the electric lamp, and . 
hence a large portion of those rays was intercepted by the 
glass. The obvious remedy here is to employ rock-salt 
lenses instead of glass ones, or to abandon the use of lenses 
wholly, and to concentrato the rays by a metallio mirror. 
Both of these improvements have been introduced, and, as 
anticipated, the invisible foci have been thereby rendered 
more intense. The mode of operating remains, however, the 
same, in principle, as that made known in 1863. It was 
then found that an instant's espoHure of the face of the 
thermo-electric pile to the focus of invisible rays, daahed 
the needles of a coarse galvanometer violently aside. It is 
now found that on substituting for the face of the thermo- 
electric pile a combustible body, the invisible rays are 
competent to set that body on fire. _ 

C. Visible and Invisible Rays of the Electric LigJO. ^1 

We have next to examine what proportion the non 
luminous rays of the electric light bear to the luminous 
ones. This the opaque solution of iodine enables us to do 
with an estremely close approximation to the truth. The 
pure bisulphide of carbon, which is the solvent of the 
iodine, is perfectly transparent to the luminous, and almost 
perfectly transparent to the dark rays of the electric lamp. 
Through the transparent bisulphide the total radiation of 
the lamp may be considered to pass, while through the 
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solution of iodine only tbe dark rays are transmitted. 
Determiuicg, then, by means of a thermo-electric pile, the 
total radiation, and deducting from it the purely obscure, 
we obtain the anaount of the purely luminous emission. 
Experiments, performed in this way, proTe that if all tb'- 
visible rays of the electric light were converged to a fociiP 
of dazzling brilliancy, its heat would only be one-ninth of 
that produced at the unseen focus of the invisible rays. 

Exposing his thermometers to the successive colors of 
the solar spectrum. Sir William Herschel determined tha 
heating power of each, and also that of the region beyond 
the extreme red. Then drawing a straight line to represent 
the length of tbe spectrum, he erected, at various points, 
perfKmdicuIars to represent the calorific intensity existing 
at those points. Uniting the ends of all his perpendiculars, 
he obtained a curve which showed at a glance the manner 
in which the heat was distributed in the solar spectrum. 
Professor MUller, of Freiburg, with improved instrumentB, 
afterward made similar experiments, and constructed a 
more accurate diagram of the same kind. We have now to 
examine the distribution of heat in the spectrum of the 
electric light; and for this purpose we shall employ a par- 
ticular form of the thermo-electric pile, devised by Melloni. 
Its face is a rectangle, which by means of movable aide- 
piecea can be rendered as narrow as desired. We can, for 
example, have the face of the pile the tenth, the hundredth, 
or even the thousandth of an inch in breadth. By means 
of an endless screw, this linear thermo-electric pile may be 
moved through the entire spectrum, from the violet to the 
red, the amount of heat falling upon the pile at every point 

[ of its march, being declared by a magaetic needle associated 

T with the pile- 
When this Instrument ia brought up to the violet end of 

I the spectrum of the electric light, the heat is found to be 

tlnseoaible. As the pile gradually moves from the violet 
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end toward the red, Iieat soon manifests itself augmentiiig 
88 we ajiproach the red. Of all the colors of the visible 
spcctruin the red possesses the highest heating power. Oii 
[jushing the pile into the darlt region beyond the red, the 
heat, instead of vanishing, rises suddenly and enormously 
ill intensity, until at some distance beyond the red it 
attains a uiaxiinum. Moving the pile stiU forward, the 
thermal power falls, somewhat more rapidly than it rose. 
It then gradually shades away, but for a distance beyond 
the red greater than the length of the whole visible spec- 
tnim, signs of heat may be detected. Drawing a datum 
line, and erecting along it perpendiculars, proportional in 
length to the thermal intensity at the respective points, we 
obtain the extraordinary curve, shown on the adjacent page, 
which exhibits tlie distribution of heat in the spectrum of 
the electric light. In the region of dark rays, beyond the 
red, the curve shoots up to B, in a steep and massive peak 
— a kind of Matterhorn of heat, which dwarfs the portion 
of the diagram C D E, representing the luminous radiation. 
Indeed, the idea forced upon the mind by this diagram is 
that the light-rays are a mere insigniGcant appendage to 
the heat-rays represented by the area A B C D, thrown iu 
as it were by Nature for the purposes of rision. 

The diagram drawn by Professor Muller to represent 
the distribution of heat in the solar spectrum is not by any 
means so striking as that just described, and the reason, 
doubtless, is that prior to reaching the earth the solar raja 
have to traverse our atmosphere. By the aqueous vapor 
there diffused, the summit of the peak representing the 
sun's invisible radiation ia cut off. A similar lowering of 
the mountain of invisible heat is observed when the rays 
from the electric light are permitted to pass through a film 
of water, which acts upon them as the atmospheric vapor 1 
acts upon the rays of the sun. 
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7. Cotrilnistion by Invisible Mays, 
The sun' B inviaibtc rays far transcend the visible o 
in heating power, so that if tho alleged performances of " 
Archimedes during the siege of Syracuse had any founda- 
tion in fact, the darlt solar rays would have been the phi- 
losopher's chief agents of combustion. On a small scale 
we can readily produce with the purely invisible rays of 
the electric light all that Archimedes is said to have per- 
formed with the sun's total radiation. Placing behind the 
electric light a small concave mirror, the rays are converged, 
the cone of reflected rays and their point of convergence 1 
being rendered clearly Tisible by tbe dust always floating! 
in the aic Placing, between the luminous focus and tho 1 
source of raja, our solution of iodine, the light of the cone I 
is entirely cut away, but the intolerable heat experienced I 
when the hand is placed, even for a moment, at the dark I 
focus, shows that the calorific rays pass unimpeded through I 
the opaque solution. I 

Almost any thing that ordinary (ire can efiect may be 1 
accomplished at the focus of invisible rays ; the air at the<l 
focus remaining at the same time perfectly cold, on ao>fl 
count of its transparency to the heatrraja. An air-thei^ u 
mometer, with a. hollow rock-salt bulb, would be unaffected I 
by the heat of tho focus : there would be no expansion, 1 
and in the open air there is no convection. Tlie etJter at J 
the focus, and not the air, is the substance in which tho-l 
heat is embodied, A block of wood, placed at the focus,<J 
absorbs the heat, and dense volumes of smoke rise swiftly ■ 
upward, showing the manner in which the air itself wouldil 
rise, if the invisible rays were competent to heat it. At^ 
the perfectly dark focus dry paper is instantly inflamed j.J 
chips of wood are speedily bur at up: lead, tin, and zino, J 
are fused: and disks of charred paper arc raised to vlrid J 
incandescence. It might be supposed that the obscure raya ■ 
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would show DO preference for black ovor white; but tbey 
do show a preference, and, to obtain rapid combustion, tho 
body, if not already black, ought to be blackened. Wlien 

I metals are to be burned, it is necessary to blacken or 
otherwise tarnish them, bo as to diminish their reflective 

' power. Blackened zinc-foil, when brought into the foeua 
of invisible rays, is instantly caused to blaze, and bums 
with its peculiar purple flame. Magnesium wire flattened, 
OT tarnished magnesium ribbon, also bursts into splendid 
combustion. Pieces of charcoal suspended in a receiver 
full of oxygen are also set on fire : the dark rays after hav- 
ing passed through the receiver still possessing sufficient 
power to igTiJte the charcoal, and thus initiate the attack 
of the oxygen. If^ instead of being plunged in oxygen, 
the charcoal be suspended in vacuo, it immediately glows 
at the place where the focus falls, 

8. Transmutation of Rays : ' Calorescence. 

I Eminent experimenters were long occupied in demon- 
Btrating the substantia] identity of light and radiant heat, 
and we have now the means of offering a new and striking 
proof of this identity, A concave mirror produces beyond 
the object which it reflects an inverted and magnified image 
of the object; withdrawing, for example, our iodine solu- 
tion, an intensely luminous inverted image of the carbon 
points of the electric light is formed at the focus of the 
mirror employed in the foregoing experiments. When the 
Bohition is interposed, and the light is cut away, what 
becomes of this image? It disappears from sight, but an 
invisible thermograph remains, and it is only tho peculiar 
constitution of our eyes that disqualifies us from seeing 
the picture formed by the calorific rays. Falling on 

[ white paper, the image chars itself out : falling on black 
'I borrow this torm frim ProfesBor ChttHis, " Phllosppliioal Mag«> 
(^"yoLilL, p. 021. 



186 FRAGMENTS OF SCIENCE. 

[laper, two holes are pierced in it, corresponding to tie 
images of the two coal points ; but fulliug on a thin plate 
of carbon in vacuo, or upon u thin sheet of platinized plat- 
inum, cither in vacuo or in air, radiant heat is converted 
into light, and the image stamps itself in vivid iocaiidee- 
cence upon both the carbon and the luetol. Results sioiilar to 
those obtained with the electric light have also been obtained 
with the invisible rays of the lime-light and of the aun. 

Before a Cambridge audience it is hardly necessary to 
refer to the excellent researches of Professor Stokes at 
the opposite end of the spectrum. The above resulte conr 
statute a kind of complement to his discoveries. Professor 
Stokes named the phenomena which he has discovered and 
investigated Fhiorescence ; for the new phenomena here 
described I Lave proposed the term Caloresce/ice. He, by 
the interpoailion of a proper medium, so lowered the re- 
fningibility of the ultra-violet rays of the spectrum as to 
render them visible ; and here, by the interposition of the 
platinum-foil, the refrang^bility of the ultra-red rays is so 
exalted as to render them visible. Looking through a 
prism at the incandescent image of the carbon points, the 
light of the image is decomposed, and a complete spectrum 
obtained. ITie invisible rays of the electric light, remoulded 
by the atoms of the platinum, shine thus visibly forth ; ultra- 
red rays being converted into red, orange, yellow, green, 
biue, indigo, and nltra-violet ones. Could we, moreover, 
raise the original source of rays to a sufficiently high tem- 
perature, we might not only obtain from the dark rays of 
such a source a single incandescent image, but from the 
dark rays of this image we might obtain a second one, from 
tlie dark rays of the second a third, and so on — a series of 
complete images and spectra being thus extracted from the 
iiiviaible emission of the primitive source.' 

' Od iDVCEtigiting tbG caJoresccnce produocd by rajB tranaioittfid 
through glaBBGB o'' vacioua colors, it was found that in the cobs of oertain 



9. Deadness of the Optic Nerve to the Calorific Mays. 

The layer of iodine used in the foregoiiig esperiments 
intercepted the light of the noonday sun. No trace of 
light &om the electric lamp ^os visible in the darkest 
room, even when a white screen was placed at the focus of 
the mirror employed to concentrate the light. It was 
thought, however, that if the retina itself were brought 
into the focus the sensation of light might bo experienced. 
The danger of this experiment was twofold. If the dark 
rays were absorbed in a high degree by the humors of the 
eye, the albumen of the humors might coagulate along the 
line of the rays. If, on the contrary, no such high ab- 
sorption took place, the rays might reach the retina with a 
force sufficient to destroy it To test the likelihood of these 
results, experiments were made on water and on a solution of 

1, and they showed it to be very improbable that in the 
brief time requisite for an experiment any serious damage 

iucna of blue gliiaa, the plBtiaum-foU glowed tvith a pink orpiirpUsh 
Bglit The effect was not Bubjecti.e, and considerations of obvious in- 

t are suggested b^ it Different l^inds of black glass dJITer notably 
U to their power of transmitting radiant heat. !□ thin plates some Ha- 
Bcciptiona tint the sun with a greenish hue: others malie it appear a 
l^lowing red witbout b,d j Irnco of green. The latter are far more diather- 

ban the former. In fa<;t, carboo wben perfect!}' dissolved, and in- 
(nrporatcd with a good wbite glass, is highly transparent to the caloriQd 
njB, &nd by employing it as an absorbent, the phenomena of "calores. 

i" may be obtained, though in a loss striking form than with the 
Iodine. The black glass chosen for thermometers, and intended to ab- 

completely the solar heat, may entirely fall in this ohject, if the 
^ua in which the carbon is incorporated be colorless. To render tbe 
bulb of a thermometer a perfect 'absorbent, the glass aught m the tirst 
l&slaQce to bo green. Soon after the diacovery of fluorescence the late 
Pi. Wmiam Allen UiUer pointed to the llmc-light as an illustralioQ of 
•utted refrangibility. Direct experiments have since entirely confirmed 
ttie view oipresBod at page 310 of hia work on " Chemistry," published 
IBSS. 
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coiild be (lone. Tbe eye was therefore caused to approacb 
■ the durk focus, no defence, in the first instance, being pro- 
vided; but the heat, acting upon the parta surrounding the 
pupi], could not be borne. An aperture was, therefore, 
pierced in a plat« of metal, and the eye placed behind tlie 
aperture, was caused to approach the point of conTergence 
of invisible rays. The focus was attained, first by tbe 
pupil and afterward by the retina. Beraoving the eye, but 
permitting the plate of metal to remain, a sheet of platinuDt- 
foil was placed in the position occupied by the retina a mo- 
ment before. The platinum became red hot. No sensible 
damage was done to the eye by this eiperiment ; no im- 
pression of light was produced; the optic nerve was not 
even conscious of heat. 

But the humors of the eye are known to be highly im- 
pervious to the invisible calorific rays, and tbe question 
therefore arises, " Did the radiation in the foregoing experi- 
ment reach tbe retina at all?" The answer is, that the 
rays were in part transmitted to the retina, and in part ab- 
sorbed by the humors. ExperimentB on the eye of an ox 
showed that the proportion of obscure rays which reached 
the retina amounted to 18 per cent, of the total radiation: 
while the luminous emission from the electric light amounts 
to no more than 10 per cent, of the same total. Were thi 
purely luminous rays of the electric lamp converged by oi 
mirror to a focus, there can be no doubt as to the fate of 
retina placed there. Its ruin would be inevitable ; and yet 
tliis would be accomplished by an amount of wave-motion 
but little more than half of that which the retina bears, 
without exciting consciousness, at the focus of invisibl 

This subject will repay a moment's further Btteiiti< 
At a common distance of a foot the visible radiation of 
electric light is 800 times the light of a candle, 
same distance, the portion of the radiation of tbe 
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light which reaches the retina but fails to excite vision, is 
about 1,500 times the luminous radiation of the candle.' 
But a candle on a clear night can readily be seen at a dis- 
tance of a mile, its light at this distance being leas than 
one 30,000,000th of its light at the distance of a foot. 
Hence, to make the candle-light a mile off equal in power 
to the non-luminous radiation received from the electric 
light at a foot distance, its intensity would have to be mul: 
tiplied by 1,500 X 20,000,000, or by thu-ty thousand mill- 
ions. Thus the thirty thousand millionth part of the in- 
visible radiation from the electric light, received by the 
retina at the distance of a foot, would, if slightly clianged 
in character, be amply sufficient to provoke vision. Nothing 
could more forcibly illustrate that special relationship eup- 
posed by Melloni and others to subsist between the optio 
nerve and the oscillating periods of luminous bodies. The 
optic nerve responds, as it were, to the waves witli which 
it iB in consonance, while it refuses to be excited by others 
of almost infinitely greater energy, whose periods of recur- 
rence are not in unison with its own. 



10. Persistence of Rays. 



At an early part of this lecture 
when a platinum wire was gradually 
high incandescence, new rays wer 
while the intensity of the old ones v 
in Dr. Draper's experiments the rise 
generated the orange, yellow, green, 
tnented tlie intensity of the red ones. 
red is true of every other ray of the 
Invisible. We cannot indeed see thi 



it was affirmed that 
raised to a state of 
e constantly added, 
Fas increased. Thus 

of tcmpcrattu^ that 
, and blue rays, aug' 

What is true of the 
spectrum, visible and 
; augmentation of in- 



It will be bome in mind that Hie beat nbich any roj, Inmiaous or 
BoD-luminouB, is competent W> generato U the true meaaura of the energj 
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tensity in the region beyond the red, but we t 
it and express it numerically. With this view the following 
experiment was performed. A spiral of platinum wire wm 
surrounded by a. small glass globe to protect it from cur- 
rents of air; through an oriSce iu the globe the rays could 
pass from the spiral and fall afterward upoo a thermo-eleo- 
tric pile. Placing in front of the orifice an opaque solution 
of iodine, the platinum was gradually raised &om a low 1 
dark heat to tlie fullest incandescence, with the follow 
results : 

AppitaraQDfl EJUir^ of 

of eiilroL obuun ndlall 

Dark 1 . 

Dark, but hotter 3 

Dark, but still hotter S 

Dark, but still hotter 10 

Feebla reil 19 

Dull red 25 

Red SI 

Full red 63 

Orange S9 

Bright orange 144 

Yellow 202 

White 270 

Intenae white. 440 

Thus the augmenlotion of the electric current, whio 
raises the wire from its primitive dark condition -to t 
tense white heat, exalts at the same time tbe energy of t 
obscure radiation, until at the end it is fully four hund] 
and forty times what it was at the beginning. 

What has been here proved true of the totality of t 
ultra-red rays is true for each of them singly. Placing o 
linear thermo-electric pile in any part of the ultra-red speOfS 
trum, it may be proved that a ray once emitted coatinuetffl 
to be emitted with increased energy as the temperatui 
augmented. The platinum spiral so often referred to bein 
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raised to wbitcoesa by an electric current, a brilliant epeo- 
truaa was formed from its light. A linear tliermo-electric 
pile was placed in the region of obscure rajs btjond tlie 
red, and by diminishing the current the spiral was reduced 
to a low temperature. It was then caused to pass through 
various degrees of darkness and incandescence, with the 
following results ; 

AppeuHiics EnngroT 

or BjdnL obflcora irjt. 

Dirk 1 

Dark 6 

Faint red 10 

Dnll red 13 

Red 18 

Full red 27 

I Orange 00 

Yelluw 93 

Whilo 122 

Here, as in llic former case, the dark and bright radio- 
tiona reached their .maximum together; as the one aug- 
mented, the other augmented, until at last the eaergy of 
the obscure rays of tho particular refrangibility here chosen, 
became one hundred and twenty-two times what it was at 
first To reach a. white heat the wire has to pass through 
all the stages of invisible radiation, and in its most brilliant 
condition it embraces, in an intensified form, the rays of all 
those stages. 

And thus it is with all other kinds of matter, as far as 
they have hitherto been examined. Coke, whether brought 
to a white heat by the electric current, or by the oxyhydro- 
gen jet, pours out invisible rays with augmented energy, 
as its light is increased. The same is true of lime, bricks, 
and other substances. It is true of all metals which are 
capable of being heated to incandescence. It also holds 
good for phosphorus burning in oxygen. Every gush of 
dazzling light has associated with it a gush of invisible ra- 
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Mt licitt, which fur transcends the Ugtit in mtergy, 
oonclitioti of tbiugB applies to all bodies capable of bein^ 
tmiicd to a white beat, either in tLe &olid or the molten 
condition. It would doubtless also apply to the luminous 
fogs formed by the condensation of incandescent vapors. 
In such cases when the curve representing the radiant en- 
ergy of the body is constructed, the obscure radiation tow- 
era upward like a mountain, the luminous radiation resem 
bllng a mem spur at its huse. From Hie very biightnes 
of the light of some of the fixed stars we may infer the j 
intensity of the dark radiation, which is the precursor and I 
inseparable associate of their luminous rays. 

We thus find the luminous radiation appearing when ' 
the rndlaut liody has attiuncd a certain temperature; 
in otlier words, when the vibrating atoms of the body have 
atlainoU a. certain width of swing. In solid and molten 
bodies a certain amplitude cannot be surpassed without 
the introducUou of periods of vibratioa, which provoke I 
the sense of vision. How are we to figure this ? If per- j 
mittcd to speculate, we might ask. Are not these r 
rapid vibrations the progeny of the slower ? Is it not really 
the mutual action of the atoms, when they swing through 
very wide spaces, and thus encroach upon each other, that 
causes them to tremble in quicker periods ? If so, what- , 
over bo the agency by which the large swinging space is I 
obtained, wo shall have lightrgiving vibrations associated I 
with it. It matters not whether the large amplitudes be 
produced by the strokes of a hammer, or by the blows of 
tho molecules of a non-luminous gas, such as the air at some I 
height above a gaa-flamo ; or by the shock of the ether- 1 
particles when transmitting radiant heat. The result i 
all cases will be incandescence. Thus, the invisible wave 
of our filtered electric beam may be regarded as generating i 
synchronous vibrations among the atoms of the platinum J 
on which they impinge; but once these vibrations have at- J 
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tained a certaia amplitude, the mutual jostling of the atoma 
produces quicker tremors, and tbe light-giving waves fol- 
low as the necessary product of the heat-giving ones. 

11. Abaorption of Radiant Meat by "Vapors 
and Odors, 

We commenced the demonstrations brought forward in 
tliis lecture by experiments on permanent gases, and we 

■e now to turn our attention to the vapors of volatile 
liquids. Here, as in the case of the gases, vast difTcrenccs 
have been proved to exist between various kinds of mole- 
cules, as regards their power of intercepting the calorific 

ves. While some vapors aUow the waves a compara- 
tively free passage, the minutest bubble of other vapors, 
introduced into the tube already employed for gases, causes 
a deflection of tho magnetio needle. Assuming the ab- 
sorption effected by air at a pressure of one atmosphere to 

unity, the followng are the absorptions effected by a sc- 
ries of vapors at a pressure of one-sixtictli of an atmos- 

Namn of VBpor. Aljsorptlon. 

Diaulphida of carbon 47 

Iodide of methjl 1 IK 

Bcniol 138 

Araykne 321 

Salpharie ether 440 

Formio elher 64S 

Acedo ether 012 

Bisulphide of carbon is tbe moat transparent vapor in 
tnislist; and acetic ether the most opaque; one-sixtieth 

an atmosphere of the former, however, produces forty- 
seven times tho effect of a whole atmosphere of air, while 
one-sixtieth of an atmosphere of tbe latter produces sLt 
hundred and twelve times the effect of a whole atmos- 
phere of air. Reducing dry air to the pressure of tbe acetic 
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ether liere employed, and comparing tbem then together, 
tho quantity of wave-motion intercepted by the ether would 
be many thousand times that intercepted by the air. 

Any one of tlicse vapors discharged into the free atmos- 
phere, in front of a body emitting obscure rays, jntercepta 
more or less ol the radiation. A similar effect is produced 
by perfumes diffused in the air, though their attenuatioii is 
known to be almost infinite. Carrying, for example, a cur- 
rent of dry air over bibulous paper moistened by patchouli, 
the scent taken up by tiie current absorbs 30 times the 
quantity of heat intercepted by the air which carries it; 
and yet patcliouli acts more feebly on radiant heat than 
any other perfume yet examined. Here follow the results 
obtained with various essential oils, the odor, in each case, 
being carried by a current of dry air into the tube already 
employed for gases and vapors : 

Name of perfaDie. AbsorpOan. 

Patchouli 30 

Sanilal-vtooii 33 

Gcraaium 33 

oa of eloTCfl 84 

Otio of rosea 87 

BergniDOt 44 

Neroli 47 

Layandor , 60 

LemoD 65 

Portugal 67 

Thjnie 68 

HoBetDftrj 7* 

Oil of laorel ... 80 

CHmomlle.flowera 87 

Cnssia 109 

Spikenard 360 

AniseEGcd.. .' 373 

Thus the absorption by a tube full of dry air bein 
that of the odor of patchouli diffused in it Is 30, that a 
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lavender GO, that of rosemary 74:, while that of anisesced 
amounts to 373. It would be idle to speculate on the 
quuntities of matter concenied in these actions, 

12. Agueoua Yapor in relation to the Terrestrial 
Temperatures.' 
We are now fully prepared for a result which, witliout 
Bucli preparation, might appear incredible. Water is, to 
some extent, a volatile body, and our atmosphere, resting 
as it does upon the surface of the ocean, receives from it a 
continual supply of aqueous vapor. It would be an error 
to confound clouds or fog or any visible mist with the va- 
por of water : this vapor is a perfectly impalpable gas, dif- 
fused, even on the clearest days, throughout the atmosphere. 
Compared with the great body of the air, the aqueous vapor 
it contains is of almost intinitesimal amount, QQ^ out of 
every 100 parts of the atmosphere tieing composed of oxy- 
gen and nitrogen. In the absence of experiment, we should 
never think of ascribing to this scant and varying constitu- 
eut any important influence on terrestrial radiation; and 
yet its in6uence is far more potent than that of the great 
body of the air. To sny tliat on a day of average humidity 
in England, the atmospheric vapor exerts 100 times the 
action of the air itself, would certainly be an understate- 
ment of the fact. The peculiar qualities of this vapor, and 
the circumstance that at ordinary temperatures it is very 
near its point of condensation, render the results which it 
yields in the apparatus already described, less than the 
truth ; and I am not prepared to say that the absorption by 
this substance is not 300 times that of the air in which it is 
diffused. Comparing a single molecule of aqueous vapor 
with an atom of either of the main constituents of our at- 
tnosphere, I am not prepared to say how many thousand 
times the action of the former exceeds that of the latter, 
' See Note at the end or this Lectnra. 
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But it must be borae in mind that these large numbers 
depend id part upon the extreme feebleness of the air; the 
power of aqueous vapor seenia vast, because that of the air 
with which it is compared is iofiiiitesimal. Absolutely con- 
aidcrcd, however, this substance, notwithstanding its smili 
specific gravity, cKercises a very potent action. Probably 
from 10 to 15 per cent of the heat radiated from the earth 
is absorbed wilbin 10 feet of the earth's surface. ThLi 
must evidently be of the utmost consequence to the life of 
the world. Imagine the superiicial molecules of the earth 
trembhng with the motion of heat, and imparting it to the 
surrounding ether ; this motion would be carried rapidly 
away, and lost forever to our planet, if the waves of ether 
had nothing but the air to contend with in their outward 
course. But the aqueous vapor takes up the motion of tie 
ethereal waves, and becomes thereby heated, thus wrapping 
the earth like a warm garment, and protecting its surface 
from the deadly chill which it would otherwise sustaia 
Various philosophers have speculated on the ioilucnce oE 
an atmospheric envelope. De Saussure, Fourier, M. Pouil- 
let and Mr. Hopkins have, one and all, enriched scientifio 
literature with contributions on this subject, but the con- 
siderations which these eminent men have apphed to atmos- 
pheric air, have, if my eiperimenta be correct, to be trans- 
ferred to the aqueous vapor. 

The observations of meteorologists furnish important, 
though hitherto unconscious evidence of the influence of 
this agent. Wherever the air is dry we are liable to daily 
extremes of temperature. By day, in such places, the aim's 
heat reaches the earth unimpeded, and renders the maxi- 
mum high ; by night, on tiie other hand, the earth's heat 
escapes unhindered into space, and renders the minimum 
low. Hence the difference between the maximum and min- 
i greatest where the air is driest In the plains 
of India, on the heights of the Himalaya, in ceotral Asia, 
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Australia — wherever drougtt reigns, we have the beat of 
day forcibly contrasted with the chill of night. In the Sa- 
hara itself, when the sim'a rays cease to impinge on the 
burning soil, tlie temperature runs rapidly down to freezing, 
because there ia no vapor overhead to check the caloriiic 
drain. And here another instance might be added to the 
numbers already known, in which Nature tends as it were 
to check her own excess. By nocturnal refrigeration, the 
aqueous vapor of the air is condensed to water on the sur- 
Eice of the earth, and as only the superficial portions ra- 
diate, the act of condensation makes water the radiating 
body. Now esperiinent proves that to the rays emitted by 
water, aqueous vapor is especially opaque. Hence the very 
act of condensation, consequent on terrestrial coohng, be- 
oomes a, safeguard to the earth, imparting to its radiation 
that particular character which renders it most liable to be 
prevented from escaping into space. 

It might however be urged that, inasmuch as we derive 
all our heat from the sun, the self-same covering which pro- 
tects the earth from chill must a!so shut out the solar ra- 
diation. Tliis is partially true, but only partially ; the 
sun's rays are different in quality from tlie earth's rays, and 
it does not at all follow that the substance which absorbs 
the one must necessarily absorb the other. Through a 
layer of water, for example, one-tenth of an inch in thick- 
ness, the sun's rays are transmitted with comparative free- 
dom ; but through a layer half this thickness, as Melloni has 
proved, no single ray from the wanned earth could pass. 
In like manner, the sun's rays pass with comparative free- 
dom through the aqueous vapor of the air ; the absorbing 
power of this substance being mainly exerted upon the heat 
that endeavors to escape from the earth. In consequence 
of this differential action upon solar and terrestrial heat, 
the mean temperature of our planet is higher than is due to 
Ha distance from the sun. 
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13. Xiigfuidi and their Vapors in rekuion to Sadimtt 
Meat. 

The deportment here assigned to atmospheric vapor hai I 
been established by direct experiments on air iaJten from ] 
the streets and parks of London, from the downs of Epsoia, ] 
from the hills and sea-beach of the Isle of Wight, and also 
by experiments on air id the first instance dried, and after- 
ward rendered artificially humid by pure distilled water. 
It has also been established io the following way : Ten 
volatile liquids were taken at random and the power of 
these liquids, at a comnioa tliickness, to intercept the waves 
of heat was carefully determined. The vapors of the liquids 
were next taken, in quantities proportional to the quantities 
of liquid, and the power of the vapors to intercept the waves 
of heat was also determiued. Commencing with the sub- 
stance which exerted the least absorptive power, and pro- 
ceeding upward to the most energetic, the following order 
of absorption was observed : 



UqnldB. 


V.i««. 


Biflulphidoofcnrbon. 


Bi9ulplude of carbon. 


OUoroform. 


Cblorofonn. 


Iodide of methjL 


Iodide of methjl 


Iodide of ethjL 


Iodide of eihjl. 


Benzol. 


Benzol. 


Amyleno. 


Amylene. 


Sulphuric ether. 


Sulphuric ether. 


Acetic ether. 


Acetic ether. 


Formic ether. 


ronoic ether. 


Alcohol 


AkohoL 


Water. 





We here find the order of absorption in both cases to 
be the same. We have liberated the molecules from the 
bonds which trammel tiiera more or less in a liquid condi- 
tion ; but this change in their state of aggregation does not 
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Dhange their relative powers of absorption, Notliing could 
more clearly prove that the act of absorption depends upon 
the individual molecule, which equally asserts its power in 
the liquid and the gaseous state. We may assuredly con- 
clude from the above table that the position of a vapor is 
determined by that of its liquid. Now, at the very foot of 
the list of liquids stands water, signalizing itself above all 
others by its enormous power of absorption. And from 
this fact, even if no direct experiment on the vapor of water 
had ever been mado, we should be entitled to rank that 
vapor as the most powerful absorber of radiant heat hitherto 
discovered. It has been proved by esperiment that a shell 
of air two inches in tiiickness surrounding our planet, and 
saturated with the vapor of sulphuric ether, would intercept 
35 per cent, of the earth's radiation. And though the 
quantity of aqueous vapor necessary to saturate air is 
much less than the amount of sulphuric ether vapor which 
it can sustain, it is still extremelj' probable that the esti- 
mate already made of the action of atmospherio vapor 
within 10 feet of the earth's surface, is altogether under 
the mark ; and that we are indebted to thia wonderful sub- 
stance, to an extent not accurately determined, but certainly 
far beyond what has hitherto been imagined, for the tem- 
perature now esiating at the surface of the globe. 



I 



14. Reciproctiy ofMadiation and Absorption. 

Throughout the reflections which have hitherto occupied 
us, the image before the mind has been that of a radiant 
Bouroe generating calorific waves, which, on passing among 
the scattered molecules of a gaa or vapor, were intercepted 
by those molecules in various degrees. In all cases it was 
the transference of motion from the ether to the compara- 
tively quiescent molecules of the gas or vapor. We have 
now to change the form of our conception, and to figure 
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these molecules not as absorbers, but as radiators, not &3 
tbc recipients, but as the originators of wave motion. That 
is to say, we must figure them vibrating' and generating in 
the surrounding ether undulations which speed through it 
with the velocity of light. Our object now is to inquire 
whether the act of chemical combination, which proves so 
potent as regards the phenomena of absorption, does not 
also manifest its power in the phenomena of radiation. For 
the examination of this question it is necessary, in the first 
placo, to heat our gases and vapors to the same tempera- 
ture, and then eiamine their power of discharging the 
motion thus imparted to them upon the ether in which 
they swing. 

A heated copper ball was placed above a ring gaa- 
burner possessing a great number of small apertures, the 
burner being connected by a tube with vessels containing 
the various gases to be esamined. By gentle pressure the 
gases were forced through the orifices of the burner against 
the copper ball, where each of them, being heated, rose in 
an ascending column. A thermo-electric pile, entirely 
screened off from the hot ball, was exposed to the radiation 
of the warm gas, and the deflection of a magnetic needle 
connected with the pile declared the energy of the radia- 

By this mode of experiment it was proved that the self- 
same molecular arrangement which renders a gas a power- 
fill absorber, renders it in the same degree a powerful 
-adiator — that the atom or molecule which is competent to 
intercept the calorific waves is jn the same degree compe- 
tent to generate them. Thus, while the atoms of element- 
ary gases proved themselves unable to omit any sensible 
amount of radiant heat, the molecules of compound gases 
were shown to be capable of powerfully disturbing the b 
rounding ethcK By special modes of experiment the &m 
was proved to hold good for the vapors of volatile liqui 
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the radiative power of every vapor being found proportional 
to its absorptive power. 

The method of experiment here pursued, though not of 
the Bimplest character, is still within your grasp. When 
air is permitted to rush into an exhausted tube, the tem- 
perature of the air is raised to a degree equivalent to the 
vis viva extinguished.' Such air is said to be dynamically 
heated, and if pure, it abowa itself incompetent to radiate, 
even when a. rock-salt window is provided for the passage 
of its rays. But if instead of being empty the tube contain 
a small quantity of vapor, then the warmed air will com- 
municate heat by contact to the vapor, which will be thus 
enabled to radiate. Thus the molecules of the vapor con- 
vert into the radiant form the beat imparted dynamically 
to the atoms of the air. By this process, which has been 
called dynamic radiation, the radiative power of both vapors 
and gases bas been determined, and the reciprocity of their 
radiation and absorption proved.' 

In the excellent researches of Leslie, De la Provostaye 
and Desains, and Balfour Stewart, the reciprocity of radia- 
tion and absorption as regards solid bodies has been vari- 
ously illustrated; while the labors, theoretical and experi- 
mental, of Kirchhoff have given this subject a wonderful 
expansion, and enriched it by applications of the highest 
kind. To their results are now to be added the foregoing, 
whereby gases and vapors which have been hitherto thought 
inaccessible to experiments of this kind are proved to ex- 
hibit the duality of radiation and absorption, the influence 
on both of chemical combination being exhibited in tbc 
most decisive and extraordinary way. 

See psgo 20 for n dcfioUioii of vie viva. 

When heated, all impartB its motion to another gas or vapor; tlie 
□f beat la accompanied b; tt change of vibra^g period. The 
djTiaimo ndiitton of rapora ia rendered posaible bj the traoBiatitBtloi) of 
vibratiooa. 

10 
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15. J70uenoe of Vibrating Period and Molecular Foniu 
Physical Analygia of the Human Breath. 

In tlie foregoing experiments witli gaaes and vapors we 
have employed throughout invisible rays ; some of these 
bodies are bo impervious that in lengths of a few feet only 
they intercept every ray as effectually as a layer of pitch 
would do. The substances, however, which show themselves 
thus opaque to radiant heat are perfectly transparent to 
light. Now the rays of light differ from those of invisible 
heat only in point of period, the former failing to affect the 
retina because their periods of recurrence are too ^w. 
Hence, in some way or other the transparency of our gases 
and vapors depends upon the periods of the waves which 
impinge upon them. What is the nature of this depend- 
ence f The admirable researches of Kirchhoff help us to aa 
answer, Tlie atoms and molecules of every gas have cer- 
tain definite rates of oscillation, and those waves of ether 
are most copiously absorbed whoso periods of recurrence 
synchronize with the periods of the molecules among which 
they pass. Thus, when we find the invisible rays absorbed 
and the visible ones transmitted by a layer of gas, we con- 
clude that the oscillating periods of the gaseous molecules 
coincide with those of the invisible, and not with those of 
the visible spectrum. 

It requires some discipline of the imagination to form a 
clear picture of this process. Such a picture is, however, 
possible, and ought to be obtained. When the waves of 
ether impinge upon molecules whose periods of vibraticm 
coincide with the recmrence of the undulations, the timed 
strokes of the waves, the vibration of the molecules aug^ 
ments, as a heavy pendulum is set in motion by well-timed 
puffs of breath. Millions of millions of shocks are received 
every second from the calorific waves, and it is not difficult 



to see tliat, as every wave arrivea just in time to repeat the 
action of its predecessor, the molecules must finally be 
caused to swing thrdugh wider spaces than if the arrivals 
were not eo timed. In fact, it is not difficult to see that an 
assemblage of molecules, operated upon by contending 
waves, might remain practically quiescent, and this is act- 
ually the case when the waves of the visible speetmm pass 
through a transparent gas or vapor. There is here no sen- 
sible transference of motion from the ether to the molecules; 
in other words, there is no sensible absorption of heat. 

One striking example of the influence of period may here 
be recorded. Carbonic-acid gas is one of the feeblest of 
absorbers of the radiant heat emitted by sobd sources. It 
is, for example, to a great extent transparent to the rays 
emitted by the heated copper-plate already referred to. 
There are, however, certain rays, comparatively few in num- 
ber, ernitted by the copper, to which the carbonic acid is 
impervious ; and could we obtain a source of heat emitting 
such rays only, we should find carbonic acid more opaque to 
the radiation from that source than any other gas. Such a 
source is actually found in the flame of carbonic oxide, 
where hot carbonic acid constitutes the main radiating body. 
Of the rays emitted by out heated plate of copper, defiant 
gas absorbs ten times the quantity absorbed by carbonic 
acid. Of the rays emitted by a carboniooside flame, cap- 
bonic acid absorbs twice as much as defiant gas. This won- 
derful change in the power of the former as an absorber is 
simply duo to the fact that the periods of the hot and cold 
carbooio acid are identical, and that the waves from the 
■ flame freely transfer their motion to the laolecdes which 
I vyncbronize with ihera. Thus it is that tlie tenth of an at- 
taoaphere of carbonic acid, enclosed in a tube four feet long, 
' absorbs CO per cent, of the radiation from a carbonic-oxide 
' 6amc, while one-thirtieth of an atmosphere absorbs 48 per 
I cent, of the heat from the same origin. 



204 FRAGSIESTS OF SCIE.N'CK 

In fncf, tlie presence of the minutest quantity of car- 
lioiiic ncid may be detected by its action on the raya from 
llio ourboniL-oiiile flame. Carrying, for example, the dried 
liunian breath into a tube four feet long, the absolution 
there effectoJ by the carbonio acid of the breath amounts 
to 60 per cent, of tho entire radiation. Hadiant heat may 
indeed bo employed as a means of determining- practically 
tlio aniount of carbonic acid expired from the lungB. My 
Into assistant, Mr, Barrett, has made this detenninatioa 
'Vho absorption produced by the breath freed from ita moist- 
ure, but retaining ita carbonic acid, was first determined. 
Carboaio acid artificially prepared was then mixed with diy 
air in such proportions that tho action of the misture upcm 
tlio rays of heat was the same as that of the dried brea^ 
Tho percentage of the former being known, immediately 
gnro that of tho latter. The same breath analyzed ohemi- 
cally by Dr. Fraokland, and physically by Mr, Barrett, gai 
thfl following reBults : 



Perci^ttage of Carbonic Acid in the Suman JSreatlt. 
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It ibi thus proved that in the quantity of ethereal n]otioi> 
wltioh it is competent to take up, we have a practical meas- 
ure of the carbonio acid of the breath, and Lence of the 
combustion going on in the human lungs. 

Btlll this question of period, though of the utmost im- 
portance, la not competent to account for the whole of the 
observed fads. Tlie ether, as far as we know, accepts 
vibrations of all periods with the same readiness. To it 
tho oacillatiotis of an atom of oxygen arc jnst as acceptable 
as those of a molecule of olctiant gas ; that the vibrating - 
oxygon then stands so fur below the oleSant gas in radiant 



power must Be referred not to period, but to some other 
peculiarity of the elementary gaa. The atomio group which 
constitutes the molecule of defiant gas, produces many 
thousand times the disturbance caused by the oxygen, be- 
cause the group is able to lay a vaatly more powerful hold 
upon the ether thaa the single atoms can. The cavities and 
indentations of a molecule composed of Epherical atoms 
may be one cause of thia augmented hold. Another, and 
probably yery potent one may be, that the ether itself, con- 
densed and entangled among the constituent atoms of a 
compound, virtually increases the magnitude of the group, 
and hence aiigments the disturbance. But whatever may 
be the fate of these attempts to visuahze the physics of the 
process, it will still remain true that, to account for the 
phenomena of radiation and absorption we must take into 
consideration the shape, size, and complexity of the mole- 
cules by which the ether is disturbed. 

16. Sumitiajiy and Conclusion, 

Let us now cast a momentary glance over the ground 
that we have left behind. The general nature of light and 
heat was first briefly described : the compounding of matter 
from elementary atoms and the influence of the act of com- 
bination on radiation and absorption were considered and 
experimentally illustrated. Through the transparent ele- 
mentary gases radiant heat was found to pass as through a 
vacuum, whUe many of the compound gasea presented 
almost impassable obstacles to the calorifio waives. This 
deportment of the simple gases directed our attention to 
other elementary bodies, the examination of which led to 
the discovery that the clement iodine, dissolved in bisul- 
phide of carbon, possesses the power of detaching, with 
extraordinary sharpness, the light of the spectrum from ita 
boat, intercepting all luminous rays up to the extreme red. 
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and peimittiog the calorific rays beyond tbe red to pass ' 
freely through it. Thia Bubstance was then employed to 
filter the beams of the electric light, and to form foci of 
invisible raya so intense as to produce almost all the eifecbs 
obtainable in an ordinary fire. Combustible bodies were 
burnt and refractory ones were raised to a white heat by the 
ooncentrated invisible rays. Thus, by exalting their re- 
frangibiUty, the invisible rays of the electric light were 
tendered visible, and all the colors of the solar spectrum 
were extracted from utter darkness. The extreme richness 
of the electric light in invisible raya of low refrangibUity 
was deraonstrated, one-ninth only of its radiation consisting 
of luminous rays. The deadness of the optic nerve to those 
invisible rays was proved, and experiments were then 
added, to show that the bright and the dark rays of a 
solid body raised gradually to intense incandescence, are 
strengthened together ; intense dark heat being an inva- 
riable accompaniment of intense white heat A sua could 



not be formed, or a meteorite rendered' lumin 






other condition. The light-giving rays, constituting only 
email fraction of the total radiation, their unspeakable in> 
portanee to us is due to the fact that their periods are 
attuned to the special requirements of the eye. 

Among the vapors of volatile liquids vast diflierences' 
were also found to exist, as regards their powers of absorp^ 
tion. We followed various molecules from a state of liquid 
to a state of gas, and found in both states of aggregation, 
the power of the individual molecules equally asserted. 
The position of a vapor as an absorber of radiant heat was 
shown to be determined by that of the liquid from which it 
ifl derived. Reversing our conceptions, and regarding the 
molecules of gases and vapors not as the recipients, but as 
the originators of wave-motion ; not as absorbers but as 
radiators ; it was proved that the powers of absorption and 
radiation went hand in band, the self-same chemical Bab, 
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wliicli rendered a body competent to intercept the waves 
of ether, rendering it competent in the same degree to gea- 
erate them. Perfumes were next subjected to examination, 
and notHithstandiog their eitraordinarj tenuity, they were 
found vastly superior, in point of absorptive power, to the 
body of the air in which they were diffused. We were led 
thus slowly up to the examination of the most widely 
diffused and most important of all vapors— the aqueous 
vapor of our atmosphere — and we found in. it a potent 
absorber of the purely calorific raya. The power of this 
substance to influence dimate, and ita general influence 
on the temperature of the earth, were then brieily dwelt 
upon. A cobweb spread above a blossom ia sufficient to 
protect it from nightly chill ; and thug the aqueous vapor 
of our air, attenuated as it is, checks the drain of terrestrial 
heat, and saves the surface of our planet from the refriger- 
ation which would assuredly accrue, were no such sub- 
stance interposed between it and the voids of space. We 
considered the influence of vibrating period and molecular 
form on absorption and radiation, and finally deduced, &om 
its action upon radiant heat, the exact amount of carbonic 
acid espired by the human lungs. 

Thus in brief outline were placed before you some of 

the results of recent inquiries in the domain of Radiation, 

and my aim throughout has been to raise in your minds 

distinct physical images of the various processes involved 

in our researches. It is thought by some that natural 

' science bas a deadening influence on the imagination, and 

' a doubt might fiiirly be raised as to the value of any study 

which would necessarily have this effect. But the esperi- 

! of the last hour must, I think, have convinced you 

r (hat the study of natural science goes hand in band with 

[ tiie culture of the imagination. Throughout the greater 

L part of this discourse we have been sustained by thia 

L Caculty. We have been picturing atoms, and molecules, 
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iind vibrations, and waves, which eje has never 

ear lieard, and which can only be discerned by the exerdfle 
of imagination. This, in liict, is the (acuity which enables 
ua to transcend the boundaries of sense, and counect the 
phenomena of our visible world with those of an invistlJe 
one. Without imagination we never could have risen to 
the conceptions which have occupied us here to-day; and 
In proportion to your power of e sere is ing this faculty aright, 
and of associating definite mental images with the texms 
employed, will be the pleasure and the profit which you 
will derive from this lecture. The outward facts of Nature 
nro insuffident to satisfy the mind. We cannot be content 
with knowing that the light and heat of the sun iUnminate 
and warm the world. We are led irresistibly to inquire 
what ia light, and what is heat 7 and this question leads us 
ut once out of the region of sense into that of imagination. 
Thus pondering, and questioning, and striving to sup- 
plement that which is felt and seen, but which is incom- 
plete, by SQOictlung unfelt and unseen which is necessary 
to its completeness, men of genius have in part discerned, 
nob only the nature of light and heat, but also, through 
them, the general relationship of natural phenomena. The 
working power of Nature is the power of actual or poten- 
tial motion, of which all its phenomena are but special 
forms. This motion manifests itself in tangible and in in- 
tangible matter, being incessantly transferred irom the one 
to the other, and incessantly transformed by the change. 
It is as real in the waves of the ether as in the waves of 
the sea ; the latter, derived aa they are &om winds, which 
in their turn are derived from the sun, being nothing more 
than the heapod-up motion of the former. It is the calo- 
rific waves emitted by the sun which heat our air, prcdnce 
our winds, and hence agitate our ocean. And whether they 
break in foam upon the shore, or rub silently against the 
ocean's bed, or subside by the mutual friction of their owa 
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parts, the sea-waTes, which cannot subside without pro- 
ducing heat, finally resolre themaelvea into waves of ether, 
thus regenerating the motion from which their temporary 
esistence was derived. This connection is typical. Nature 
is not an aggregate of independent parts, but an organic 
whole. If you open a piano and sing into it, a certain 
string will respond. Change the pitch of your voice ; the 
first string ceases to vibrate, but another replies. Change 
again the pitch ; the first two strings are silent, while an- 
other resounds. Now, in altering the pitch you simply 
change the form of the motion communicated by your vocal 
chords to the air, one string responding to one form, and 
another to another. And thus is sentient maji acted on by 
Nature, the optic, the auditory, and other nerves of the 
human body being so many strings difierently tuned and 
responsive to different forms of the universal power. 



Kote. — The Btafemenls regarding the action of aqueoua vapor, maiie 
In aeelions la and 13 of this Lecture, have been controverted bj the late 
Professor Magnus, of Berlin. I therefore wieh tho reader (o bold in sus- 
pension hia judgment of these two sections untij new ligbt csn be thrown 
I Bpon tlie snbjeeC. This will aooa he ioae. 
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of broadcloth from i tallijt'a 
Thoy were black, deep blue, lignter blue, 
•, Bud other cobra, or shades of color. I 
on a bright, Bunahinj moniuig. In a few 
^ to the time), the block, being warmed 
Iff oa to be below (lie stroke of tba suu's 
Dw, tlia lighter blue not quite so mueb S9 
3 tbej were ligbter. The white romamed 
having entered it at alL 

apply to some nae ? May 



"I took a number of Uttlt' 
patlern-card, of yarious colors, 
ppeen, parple, red, jellow, whi 
laid Ibem all out upon the sno 
hours (I ennnot now he GTact 
mOBt by the enn, was sunk so I 
raji ; the dark blue almost as 
the dork, tlio other colors Jesa 
on the Burfa,ca of the snow, no 

"What signifies philosophy that does 
we not leorn from hence that black clothes are not so fit to wear in a hot, 
BonDf climate or season aa wtiite onee ; because in such clothes the body 
is more heated by the sun when we walk abroad, and ai'e at the same time 
heated by the exercise, which double heat is apt to bnng oa putrid, dan- 
gerous fcTcrs ? That soldiers and seamen, who must march and labor in 
the sun, should, in the East or West Indies, hare a uniform of white t 
That summer hals for men or women should be white, as repelling that 
heat which gives headaches to bo many, and to some theEktal strokathal 
the French call coap de m^eif f That the ladies' summer huts, howerer, 
ehould be lined with hlack, as not reverberating on theirfaces those rays 
which are reflected upward from the earth or water P That tho putting 
of a white cap of paper or linen williin the crown of a black hat, as most 
do, will not keep Out the heat, though it would if placed wifioirf/ That 
fruit walla being blacked may receive so much heat from Uie sun in the 
daytime as to continue warm in aome degree through the night, and 
therchy preserve the fruit from frosts, or forward its growth- 
is importance that will < 
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ON RADIANT EEAl IN RELATION TO TOE COLOR 
AND CHEMICAL CONSTITUTION OF BODIES. 

Ohe of tbe most important functions of physical aci* 
cnce, considered asadiecipliiicof the mind, is to enable uaby 
means of the tangible processes of Nature to apprehend the 
intangible. The tangible processes give direction to the 
line of thought ; but this once gi^'cn, the length of the line 
is not limited by the boundaries of the senses. Indeed, the 
domain of the senses in Nature is almost infinitely small in 
comparison with the vast region accessible to thought 
■which lies beyond them. From a few obserrations of a 
comet, when it comes within the range of his telescope, an 
astronomer can calculate its path in regions which no tele- 
scope can reach ; and in like manner, by means of data 
furnished in the narrow world of the senses, we make our- 
Belvoa at home in other and wider worlds, which can be 
traversed by the intellect alone. 

From the earliest ages the questions, " ^Vtat is light ? " 
and " What is heat ? " have occurred to the minds of men ; 
but these questions never would have been answered had 
they not been preceded by the question, " What is sound ? " 
Amid the grosser phenomena of acoustics the miud was 
first disciplined, conceptions being thus obtained from 
iirect observation, which were afterward applied to phe- 
nomena of a character far too subtle to be observed directly. 
Sound we know to be due to vibratory motion. A vibratmg 
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luniiig-fork, for esample, moulds the air round it into un- 
dulations or waves, wliich speed away on all sides with a 
certain measured velocity, impinge upon the drum of the 
ear, shake the auditory nerve, and awake in the brain the 
Benaation of sound. When sufficiently near a sounding 
body, ire can feel the vibrations of the air. A deaf man, 
for example, plunging his hand into a bell Trhen it is 
sounded, feels through the common nerves of his body those 
tremora which, when imparted to the nerves of healthy eais, 
are translated into sound. There are various ways of ren- 
dering those sonorous vibrations not only tangible but 
visible ; and it was not until numberless experimenta of 
this kind had been executed, that the scientific investigator 
abandoned himself wholly, and without a shadov? of uncei> 
tainty, to the conviction that what is sound within us is, 
outside of us, a motion of the air. 

But once having established this fact — once having 
proved beyond all doubt that the sensation of sound is 
produced by an agitation of the nerve of the ear, the 
thought soon suggested itself that light might be due to 
an agitation of the nerve of the eye. This was a great step 
in advance of that ancient notion which regarded light as 
something emitted by the eye, and not as any thing 
imparted to it. But if light be produced by an agitation 
of tho optic nerve or retina, what is it that produces the 
agitation ? Newton, you know, supposed minute particles 
to bo shot through the humors of the eye against the 
retina, which Langs like a target at the back of the eye. 
The impact of these particles against the target, Newton 
believed to be the cause of light. But Newton's notion 
lias not held its ground, being entirely driven from the 
6eld by the more wonderful and far more philosophical 
notion that light, like sound, is a product of wave-motion. 

The domain in which this motion of light is carried on 
lies entirely beyond the reach of our senscB. The waves 
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of light require a medium for tbeir formation and propaga- 
tion, but we cannot see, or feel, or taste, or smell this 
medium. How, then, has its existence been established ? 
Bj showing that by the assumption of tbia wonderful 
intangible ethtr all the phenomena of optics are accounted 
for with a fulness and clearness and conclusiveness which 
leave no desire of the intellect unfulfilled. When the law 
of gravitation first suggested itself to the mind of Newton, 
what did he do ? Ho set himself to examine whether it 
accounted for all the facts. He determined the courses of 
the planets ; he calculated the rapidity of the moon's fall 
toward the earth; he considered the precession of the 
equinoxes, the ebb and flow of the tides, and found all 
explained by the law of gravitation. He therefore regarded 
this law as established, and the verdict of science sub- 
sequently confirmed his conclusion. On similar, and, if 
possible, on stronger grounds, we found our belief in the 
existence of the universal ether. It explains facts far 
more various and complicated than those on which New- 
ton based his law. If a single phenomenon could be 
pointed out which the ether is proved incompetent to 
explain, we should have to give it up; but no such phe- 
nomenon has ever been pointed out. It is, therefore, at 
least as certain that space is filled with a medium by 
means of which suns and stars diffuse their, radiant power, 
as that it 13 traversed by that force which holds, not only 
our planetary system, but the immeasm'able heavens them- 
selves, in its grasp. 

There is no more wonderful instance than this of tlic 
production of a line of thought from the world of the senses 
into tie region of pure imagination. I mean by imagination 
here, not that play of fancy which can give to " airy nothing 
a local habitation and a name," but that power which 
1 enables the mind to conceive realities which lie beyond the 
L .range of the senses — to present to itself distinct physical 
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imngcs of processes which, though mighty in the aggregate 
beyoDd all conception, are so minute individually as to 
eludo all observation. It is the waves of air excited by 
this tuning-fork which render its vibrations audible. It is 
the waves of ether sent forth from those lamps overhead 
which render them liuninous to us ; but so minute are these 
waves, that it would take from 30,000 to 60,000 of them 
placed end io end to cover a single inch. Their number, 
however, compensates for their minuteness. Trillions of 
them have entered your eyes and hit the retina at the baok 
of the eye in the time consumed in the utteraaceb of the 
shortest sentence of this discourse. This is the steadfast 
result of modem research ; but we never could have reached 
it without previous discipline. We never could have 
measured the waves of light, nor even imagined them to 
exist, had wc not previously exercised ourselves among the 
waves of sound. Sound and light are now mutually help- 
ful, the conceptions of each being expanded, strengthened, 
and defined, by the conceptions of the other. 

The ether which conveys the pulses of light and heal 
not only fills the celestial spaces, bathing the sides of suns 
and planets, but it also encircles the atoms of which these 
suns and planets are composed. It is the motion of theaa 
atoms, and not that of any sensible parts of bodies, that 
the ether conveys ; it is this motion that constitutes ths 
objective cause of what in our seasatioos are light and 
heat. An atom, then, sending its pulses through the infi- 
nite ether, resembles a tuning-fork sending its pulses 
through the air. Let us look for a. moment at this thrilling 
ether, and briefly consider its relation to the bodies whosa 
vibrations it conveys. Different bodies, when heated to tha 
same temperature, possess very dtfierent powers of agitat- 
ing the ether: some are good radiators, others are bad 
radiators; which means that some are so constituted as to 
oommuDicate their motion freely to the ether, producing 
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therein powerful undulations ; wHle others are unable 
thus to communicate their motion, but glide through the 
ether ■without materially disturbing its repose, Kecent 
experiments have proved that elementary bodies, except 
under certain anomalous conditions, belong to the class of 
bad radiators. An atom vibrating in the ether resembles 
this naked tuning-fork vibrating in the air. The amount 
of motion communicated to the air by these thin prongs ia 
too small to evoke at any distance the sensation of sound. 
But if we permit the atoms to combine chemically and 
form molecules, the result in many cases is an enormous 
change in the power of radiation. The amount of ethereal 
disturbance produced by the combined atoms of a body 
may be many thousand times that produced by its constitu- 
ent atoms wlien uncombined. The effect is roughly typi- 
fied by this tuning-fork when connected with its resonant 
case. The fork and its case now swing as a compound 
system, and the vibrations which were before inaudible, are 
now the source of a musical sound so powerful that it 
might be plainly heard by thousauds at once. The fork 
and ita case combined may be roughly regarded as a good 
radiator of sound. 

The pitch of a musical note depends upon the rapidity 
of its vibrations, or, in other words, on the length of its 
waves. Now, the pitch of a note answers to the color of 
light. Taking a slice of white light from the beam of an 
electric lamp, I cause that light to pass through an arrange- 
ment of prisms. It is decomposed, and we have the effect 
obtained by Newton, who first unrolled the solar beam into 
the splendors of the solar spectrum. At one end of this 
il^jectrum we have red light, at the other violet, and be- 
tween those extremes lie the other prismatic colors. As 
we advance along the spectrum from the red to the violet, 
the pitch of the light — if I may use the eipression — heightr 

1, the senaatiun of violet being produced by a more rapid 
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Buccessiott of impulses than tliat which, produces the im- 
pression of red. The vibrations of the violet are about 
twice aa rapid as those of the red; in other words, the 
range of the visible apeotrom is about an octave. 

There is no solution of continuity in this spectrum; 
one color changes into another by insensible gradations, 
It is as if an infinite number of tuning-forks, of gradually 
augmenting pitcb, were vibrating at the same time. But 
turning to another spectrum — that, namely, obtained from 
the incandescent vapor of silver — you observe that it con- 
sista of two narrow and intensely luminous green bands. 
Here it is as if two forks only, of slightly different pitch, 
were vibrating. The length of the waves which produce 
this 6rst band is such that 47,460 of them, placed end to 
end, would fill an inch. The waves which produce the 
second band are a little shorter ; it would take of these 
47,920 to fill an inch. In the case of the first band, the 
number of impulses imparted in one second to eirery 
eye which now sees it, is 577 milliona of millions ; while 
the number of impulses imparted in the same time by the 
second band is 600 millions of millions. I now cast upon 
the screen before you the beautiful stream of green light 
from which these bands were derived. This luminous 
stream is the incandescent vapor of silver. The rates of 
vibration of the atoms of that vapor are as rigidly fixed aa 
those of two tuning-forks ; and to whatever height the 
temperature of the vapor may be raised, the rapidity' of ita 
vibrations, and consequently its colorj which wholly de- 
pends upon that rapidity, remains unchanged. 

The vapor of water, as well as the vapor of silver, has 
its definite periods of vibration, and these are such as to 
disqualify the vapor, when acting freely aa such, from 
being raised to a white heat. The oxyhydrogen flam 
example, consists of hot aqueous vapor. It is sea 
risible in the air of this room, and it would be still 1 
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' FJsible if we could bum tlie gas in a clean atmosphere. 
But the atmosphere, even at the summit of Mont Blanc, 
is dirty ; in London it is more than dirty ; and the burning 
dirt gives to this flame the greater portion of ita present 
light. But the beat of the flame is enormous, Ciist-irou 
fuB^s at a temperature of 3,000° Fahr. A piece of platinum 
is heated to vivid redness at a distance of two inches be- 
yond the visible termination of the Dame. The vapor 
which produces incandescence is here absolutely dark. In 
the flame itself the platinum is raised to dazzling white- 
ness, and is finally pierced by the flame. When this flame 
impinges on a piece of lime, we have the dazzling Drum- 
mond light. But the light is here due to the fact that 
when it impinges upon the solid body, the vibrations ex- 
dted in that body by the fiame are of periods different from 
its own. 

Thus far we liave fised our attention on atoms and 
molecules in a state of vibration, and surrounded by a 
medium which accepts their vibrations, and transmits them 
through space. But suppose the waves generated by one 
system of molecules to impinge upon another system, how 
will the waves be afiected ? Will they be stopped, or will 
they ba permitted to pass f Will they trimsfer their mo- 
tion to the molecules on which they impinge, or wiH they 
j^de rollnd the molecules, through the intermolecular 
Apaces, and thus escape ? 

The answer to this question depends upon a condition 
which may be beautifully eiempHScd by an experiment on 
Bound. These two tuning-forks are tuned absolutely alike. 
They vibrate with the same rapidity, and mounted thus 
Upon their resonant atanda, you hear them loudly sounding 
l8ie same musical note. I stop one of the forks, and throw 
'the other into strong vibration, I now bring that other 
the silent fork, but not into contact with it. Allow- 
them to continue in this position for four or five seconds, 
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I stop the vibrating fork ; but the sound Las not ccasoi]. 
The eecond fork has taken up the vibrationa of its neigh' 
bor, and is now soimding in its turn. I dismount one of 
the forks, and permit the other to remain upon its stand. 
I throw tlie dismounted fork into strong vibration, but you 
cannot bear it sound. Detached from its stand tbe amoimt 
of motion which it can communicate to the air is too small 
to make itself sensible to the ear at any distance. I now 
bring the dismounted fork close to the mounted one, but 
not into actual contact with it. Out of tbe sileoce rises a 
mellow Bomid, Whence comes it ? From the vibrations 
which have been transferred from the dismounted fork to 
the mounted one. 

That motion should thus transfer itself through the air 
it is necessary that the two forks should bo in perfect unison. 
If I place on one of the forks a morsel of wax not larger 
than a pea, it is rendered thereby powerless to affect, or to 
be affected by, the other. It is easy to understand tins 
experiment. The pulses of the one fork can affect the other, 
because they are perfecUy timed. A single pulse causes 
the prong of the silent fork to vibrate through an infinitesi- 
mal space. But just as it has completed this small vibra- 
tion, another pulse is ready to strike it. Thus, the small 
impulses add themselves together. In the five seconds 
during wliich tbe forks were held near each other, the vi- 
brating fork sent 1,280 waves against its neighbor, and 
those 1,380 shocks, all deUvered at the proper moment, all, 
as I have said, perfectly timed, have given such strength 
to the vibrations of the mounted fork as to render them. 
audible to you all. 

Let me give yon one other curious illustration of 
influence of synchronism on musical vibrations. Here 
three small gas-flames inserted in three glass tubes of 
ferent lengths. Each of these flames can be caused to emit 
a musical note, the pitch of vhich is deternimed by the 
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lengtli of the tube Burroimding- the flame. The shorter the 
tube the higher is the pitch. The flames are now silent 
within their respective tubes, but each of them can be 
caused to respond to a proper note sounded anjwhero in 
this room. Here is an instrument called a siren, by which 
a powerful musical note can bo produced. Beginning with 
a note of low pitch, and ascending graduaUy to a higher 
one, I finally reach the note of the flame in the longest tube. 
The monieut it is reached, the flame bursts into song. But 
the other flames are still silent within their tubes. I urge 
the instrument oa to higher notes ; the second flame has 
now started, and the third alone remains. But a still higher 
note starts it also. Thus, as the sound of the siren rises 
gradually in pitch, it awakens every flame in passing, by 
Btriking it with a series of waves whose periods of recur- 
rence are similar to its own. 

Now the wave-motion from the siren is in part taken up 
by the flame which synchronizes with the waves ; and had 
these waves to impinge upon a multitude of flames, instead 
of upon one flame onlv, the transference might be so great 
as to absorb the whole of the original wave-motion. Let 
us apply these iacts to radiant heat. This blue flame is 
the flame of carbonic oxide ; this transparent gas is carbonic- 
acid gas. In the bine flame we have carbonic acid intensely 
heated; or, in other words, io a state of intense vibration. 
It thus resembles the sounding tuning-fork, while this cold 
carbonic acid resembles the silent one. What is the con- 
sequence ? Through the eynchroniam of the hot and cold 
gas transmission of motion through the gas is prevented ; 
it is all transferred. The cold gas is intensely opaque to 
the radiation from this particular flame, though highly 
transparent to heat of every other kind. We are here 
manifestly dealing with that great principle wliich lies at 
ifiiB basis of spectrum analysis, and which lias enabled 
lientlGc men to determine the substances of which the aim, 
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tbe stars, and even the oebulje, are composed ; tLe principle, 
namely, that a body which is competent to emit any ray, 
whether of heat or light, is competent in the aaine degree 
to absorb that ray. The absorption depends on the syn- 
chronism which exists between the vibrations of the atoma 
from which the rays, or more correctly the leaves, issue, and 
those of the atoms against which they impinge. 

To its incompetence to emit white light, aqueous vapor 
adds incompetence to absorb white light. It cannot, for 
example, absorb the luminous rays of the sun, though it 
can absorb the non-lumiuous rays of the earth. This in- 
competence of aqueous vapor to absorb luminous rays is 
shared by water and ice — in fact, by all really transparent 
substances. Their transparency is due to their inability to 
absorb luminous rays. The molecules of such substances 
are in dissonance with the luminous waves, and hence such 
waves pass through transparent substances without dis- 
turbing the molecular rest, A purely luminous beam, how- 
ever intense may be its heat, is sensibly incompetent to 
melt the smallest particle of ice. We can, for example, 
converge a powerful luminous beam upon a eurface covered 
with boar-frost without melting a single spicula of the ice- 
crystals. How then, it may be asked, are the snows of the 
Alps swept away by the sunshine of summer ? I answer 
they are not swept away by sunshine at all, but by solar 
rays which have no sunshine wiiatever in them. The lumi- 
nous rays of the sun fall upon the snow-iields and are flashed 
in echoes from crystal to crystal, but they find next to no 
lodgment within the, crj-stals. They are hardly at all ab- 
sorbed, and hence they cannot produce fusion. But a body 
of powerful dark rays is emitted by the sun, and it is these 
rays that cause the glaciers to shrink and the snows to dis- 
appear ; it is they that 611 the banks of the Arre and Ai^ 
veyron, and liberate from their frozen captivity the Rhone 
and the Rhine, 



RADUNT HEAT ANB TtS EELATIOKS. 223 

Placing a concave silvered mirror beliind tlie electric 
blight I converge its raya to a focus of dazzling brillianov. 
Ll place in tbe path of the rays, between the light and the 
a ycBsel of water, and now introduce at the focus a 
piece of ice. The ice is not melted by the concentrated 
beam which has passed through the water, though matches 
are ignited at the focus and wood is set on fire. The pow- 
erful heat, then, of this luminous beam is incompetent to 
raelt the ice. I withdraw the cell of water ; tbe ice imme- 
diately liquefies, and you see the water trickling from it 
in drops. I reintroduce the cell of water ; the fusion is 
arrested and the drops cease to fall. The transparent watoi 
of the cell exerts no sensible absorption on the luminous 
rays, still it withdraws something from the beam, which, 
p-wben permitted to act, is competent to melt the ice. This 
Momcthing is the dark radiation of the electric hght. Again, 
I place a slab of pure ice in front of the electric lamp ; send 
a luminous beam first through our cell of water and then 
through the ice. By means of a lens an image of the slab 
is cast upon a white screen. The beam, sifted by the water, 
has no power upon the ice. But observe what occurs when 
the water is removed ; we have here a star and there a star, 
each star resembling a flower of sis. petals, and growing 
visibly larger before our eyes. As the leaves enlarge their 
edges become serrated, but there is no deviation from the 
six-rayed type. We have here, in fact, the crystalbzatiou 
of the ice inverted by the invisible rays of the electric beam. 
They take the molecules down in this wonderful way,, and 
reveal to us the exquisite atomic structure of the substance 
with which Nature every winter roo& our ponds and lakes. 
Numberless efiects, apparently anomalous, might be ad- 
duced in illustration of the action of these lightlcss rays. 
, Here, for example, are two powders, both white, and undis- 
l,tinguiBhablo from each other by the eye. The luminous 
l.jAys of the lamp are unabsorbed by both powders — from 
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Bank the deepest, llio white did not, sink at , 
inferred from hia experiment that black bodies are t]ie best 
absorbers, and white ones the worst absorbers, of radiant 
heat. Let us test the generality of this conclusion. I have 
here two cards, one of which is coated with a very dark 
powder, and the other with a perfectly white one. I place 
the powdered surfaces before the fire, and leave them there 
until they have acquired as high a temperature as they can 
attain in this position, "VVTiich of the cards is most highly 
heated? It requires no thermometer to answer this ques- 
tion ? Simply pressing the back of the card, on which the 
white powder is strewn, against my cheek or forehead, I 
find it intolerably hot. Placing the dark card in the same 
position I find it cool. The white powder has absorbed far 
more heat than the dark one. This simple result abolishes 
a hundred conclusions which have been hastily drawn from 
the experiment of Franklin. Again, here are suspended 
two delicate mercurial thermometers at the same distance 
from a gas-flame. The bulb of one of them is covered by a 
dark substance, the bulb of the other by a white one. Both 
bulbs have received the radiation from the flame, but the 
white bulb has absorbed most, and its mercury stands much 
higher than that of the other thermometer. I might 
this experiment in a hundred ways, and show you that 
the darkness of a body you can draw no certain concli 
regarding its power of absorption. 

The reason of this simply is, that color g^ves us intelli- 
gence of only one portion, and that the smallest one, of 
the rays impinging on the colored body. Were the rays 
all luminous we might with certainty infer from the color 
of a body its power of absorption ; but the great masa of 
the radiation from our fire, our gas-fiame, and even from 
the sun itself, consists of invisible calorific rays, regarding- 
which color teaches us nothing. A body may be highly trans- 
parent to one class of rays, and highly opaque to the other 
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olass. Tliua tLe white powder, which h&s shown itself so 
. poweriul aa nbsorber, has been specially selected on account 
of its extreme perriouSDess to the visible rays, and its ei- 
treme impemousaess to the invisible ones ; while the dark 
powder was chosea on account of its extreme transpareacy 
to the iavisible, aad its extreme opacity to the visible rays. 
In the case of the radiatioa from our fire, about 98 per cent. 
of the whole emission coasists of invisible rays ; tbe body, 
tiierefore, which was most opaque to these triumphed as 
an absorber, though that body was a white oae. 

I would here invite you to consider the manner in 
which we obtain from natural facts what may be called 
their intellectual value. Throughout the processes of Na- 
ture there is interdependence and harmony, and the main 
value of our science, considered as a mental discipline, con- 
sista in the tracing of this interdependence and tbe demon- 
stration of this harmony. The outward and visible phe- 
nomena are with us tbe counters of the intellect ; and oar 
science would not be worthy of its name and fame if it 
halted at facts, however practically useful, and neglected 
the laws which accompany aad rule pbeuomena. Let us 
endeavor, then, to extract from the experiment of Frank] i a 
ita full intellectual value, calling to our aid the knowledge 
which our predecessors have already stored. Let us im- 
agine two pieces of cloth of the same texture, the one 
black and the other white, placed upon sunned snow. Fix- 
ing our attention on the white piece, let us inquire whether 
there is any reason to expect that it wUl sink into the 
snow at aU. There is knowledge at band which enables 
us to reply at once in the negative. There is, on tbe con- 
trary, reason to eipect that after a safGcient exposure the 
bit of cloth will be found oa aa emiacace instead of in a 
hoUow ; that instead of a depression, we shall have a rela- 
tiue elevation of the bit of cloth. For, as regards the lu- 
jninoua rays of the sun, the cloth and the snow are alike 
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powerless ; tho one cannot be ■warmed, nor the other 
melted, by such rays. The cloth is white aud the snow is 
white, because their confusedly mingled particles and fibres 
are incompetent to absorb luminous rays. Whether, thou, 
the cloth will sink or not depeods entirely upon tho dark 
rays of the sun. Now the substance which absorbs the 
dark rays of the sun with the greatest avidity is ice — or 
enow, which is merely ice in powder. A less amount of 
heat will be lodged in the clolh than in the surrounding 
snow. The cloth must, therefore, act as a shield to the 
snow on which it rests; and in consequence of the more 
rapid fusion of the exposed snoir, the cloth must in due 
time be left behind, perched upon an eminence Jike a gla- 
cier-table. 

But though the snow transcends the cloth both as a 
radiator and absorber, it does not much transcend it. 
Cloth is very powerful in both these respects. Let us 
now turn our attention to the piece of black cloth, the 
texture and fabric of which I assume to be the same as 
that of the white. For our object being to compare the 
effects of color, we must, in order to study this effect in its 
purity, preserve all other conditions constant. Lot us then 
suppose the black cloth to be obtained from the dy«ng 
of the white. The cloth itself, without reference to the 
dye, is nearly as good an absorber of heat as the snow 
around it. But to the absorption of the dark solar rays 
by the undjed cloth is now added the absorption of the 
whole of the luminous rays, and this great additional in- 
flux of heat is far more than sufficient to turn the balaDOCi__ 
in favor of the black cloth. The sum of its actions on t 
dark and luminous toys exceeds the action of the i 
on the dark rays alone. Hence the cloth will sink i 
enow, and this is the philosophy of Franklin's 
ment. 

Throughout this discourse the main stress has b 
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r sa chemical conBtitution, as influencing' most powerfully 
the phenomena of radiation and absorption. With regard 
to gasea, vapora, and to the liquids from which these va- 
pors are derived, it has been proved by the most varied 
and conclusive esperiments that the acts of radiation and 
absorption are molecular — that they depend upon chemical 
and not upon mechanical condition. In attempting to ex- 
tend this principle to solids I was met by a multitude of 
facta obtained by celebrated experimenters, which seemed 
flatly to forbid such eitension, Melloni, for example, found 
the same radiant and absorbent power for chalk and lamp- 
black. MSI. Masson and Court^p^o performed a most 
elaborate series of experiments on chemical precipitates of 
various kinds, and found that they one and all manifested 
the same power of radiation. They concluded from their 
researches, that where bodies are reduced to an extremely 
fine state of division the influence of this state is so power- 
ful as entirely to mask and override whatever influence 
may be due to chemical constitution. 

But it appears to me that through the whole of these 
researches a serious oversight has run, the mere mention 
of which will show you what caution is essential in the 
operations of experimental phOosophy. Let mo state 
wherein I suppose this oversight to consist. I liavc here 
a metal cube with two of its sides brightly polished, I 
fill the cube with boiling water and determine the quan- 
tity of heat emitted by the two bright surfaces. One of 
them fiir transcends the other as a radiator of heat. Both 
surfaces appear to be metallic ; what, then, is tlie cause of 
the observed difference in their radiative power? Simply 
this: I have coated one of the surfaces with transparent 
gum, through which, of course, is seen the metallic lustre 
behind. Now this varnish, though so perfectly transparent 
to luminous rays, is as opaque as pitch or lamp-black to 
Don-luminoufi ones. It is a powerful emitter of dark rays; 
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it is abo a powerful absorber. While, therefore, at the 
present moment it is copiously pouring forth radiant heat 
itself, it does not allow a single ray from the metal behind 
to pass through it. The varnish then, and not the metal, is, 
the real radiator. 

Now Melloni, and Masson, and Court6p6e, experiraeni 
thus: they mised their powders and precipitates vfii 
gum-water, and laid them by means of a brush upon the 
Bur&ces of a cube like tbia. True they saw their red pow- 
ders red, their white ones white, and their black ones black, 
but they saw these colors through the coat of vamith 
which encircled every particle of their poxodera. When, 
therefore, it was concluded that color had no influence on 
radiation, no chance had been given to it of asserting its 
influence; when it was found that all chemical precipitates 
radiated alike, it was the radiation from a varnish cOraoion 
to them all which showed the observed constancy. Hua- 
dreds, perhaps thousands, of experiments on radiant heat 
have been performed in this way by various inquirers, but 
I fear the work will have to be done over again. I am not, 
indeed, acquainted with an instance in which au oversight 
of so trivial a character has been committed in succession 
by so many able men, and vitiated so large an amount 
otherwise excellent work. 

Easing our reasonings, then, on demonstrated facts, 
arrive at the extremely probable conclusion that the en' 
ope of the particles, and not the particles themselves, wt 
the real radiator in the experiments just referred to. 
reason thus, and deduce their more or less probable conae* 
qucncea from esperiinental facts, is an incessant exercise 
of the student of physical science. But having thus fol- 
lowed for a time the light of reason alone through a series 
of phenomena, and emerged from them with a purely intel- 
lectual conclusion, our duty is to bring that conclusion to 
an experimental test. In this way we fortify our science, 
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Qtariag no pains, sLirking do toil to secure Gound materials 
for tbe edifice which it is our privilege to ruise. 

For the purpose of testing our conclusion regarding the 
inSuence of the- gum I take two powders of the same physi- 
cal appearance ; one of them is a compound of mercury and 
the other a compound of load. On two surfaces of this 
cube are spread these bright-red powders without vambh 
of any kind. Filling tlie tube with boiling water, and de- 
termining the radiation from the two surfaces, one of them 
is found to emit thirty-nine rays, while the otber emits 
Beventy-four. This, surely, is a great difference. Here, 
however, is a second cube, having two of its surfaces coated 
with tbe same powders, the only difference being that now 
ihe powders are laid on by moans of a transparent gran. 
Both surfaces are now absolutely alike in radiative power. 
Both of them emit somewhat more than was emitted by 
either of the unvarnished powders, simply because the gum 
employed is a better radiator than either of them. Exclud- 
ing all vamish, and comparing white with white, I find 
vast differences ; comparing black with blaclc, I find them 
also different; and when black and wliite are compared, in 
some cases the black radiates far more than the white, 
while in other cases the white radiates far more than the 
black. Determining, moreover, the absorptive power of 
those powders, it is found to go hand-in-band with their 
radiative power. The good radiator is a good absorber, and 
the bad radiator is a bad absorber. From all this it is evi- 
dent that as regards the radiation and absorption of non- 
luminous heat, color teaches us nothing; and that even as 
regards the radiation of the sun, consisting as it does main- 
ly of non-luminous rays, conclusions as to the influence of 
color may be altogether delusive. This is the strict scien- 
tific upshot of our researches. But it is not the less true 
that in the case of wearing apparel — and this for reasons 
Wtiicli 1 have given in analyzing the experiment of Frank- 
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lia — black dreaaes are more potent than wliite ones as ab> 
Borbcrs of solar heat 

Thus, in brief outline, I have brought before you a few 
of the ifesulta of recent inquiry. If you ask me what is the 
use of them, I can hardly answer you, unless you define the 
term use. K you meant to ask me whether those dark 
rays which clear away the Alpine snows will ever be ap- 
plied to the roastmg of turkeys or the driving of steam- 
engines, while affirming their power to do both, I would 
frankly confess that they are not at present capable of 
competing profitably with coal in these particulars. Still 
they may Lave great uses unknown to me ; and when our 
coal-fields are exhausted, it is possible that a more ethereal 
race than ourselves ma.j cook their victuals and perform 
their work in tills transcendental way. But is it nccessaiy 
that the student of science should have his labors tested by 
their possible practical applications ? What is the prac- 
tical value of Homer's Iliad ? You smile, and possibly 
think that Homer's Iliad is good as a means of culture. 
There's the rub. The people who demand of science prac- 
tical uses, forget, or do not know, that it also is great as a 
means of culture ; that the knowledge of this wonderful 
universe is a thing profitable in itself, and requiring no 
practical application to justify its pursuit. But while t 
student of Nature distinctly refuses to have his labonE 
judged by their practical issues, unless the term practicj' 
be made to include mental as well as material good, 1 
knows fuU well that the greatest practical triumphs havl 
been episodes in the search after pure natural truth, 
electric telegraph is the standing wonder of this age, and 
the men whose scientific knowledge and mechanical skill 
have made the telegraph what it is are deserving of all 
honor. In fact, they have their reward, both in reputation 
and in those more substantial benefits which the direct ser^ 
rice of the pubhc always carries in its train. But who, I 
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would ask, put the soul into this telegraphic body ? Who 
snatched from heaven the fire that flashes along the line ? 
This, I am bound to say, was done by two men, the one a 
dweller in Italy,* the other a dweller in England, and, there- 
fore, not a thousand miles distant from the spot where I 
now stand,' who never in their inquiries consciously set a 
practical object before them — whose only stimulus was 
the fascination which draws the climber to a never-trodden 
peak, and would have made Csasar quit his victories to 
seek the sources of the Nile. That the knowledge brought 
us by those prophets, priests, and kings of science, is what 
the world calls useful knowledge, the triumphant applica- 
tion of their discoveries proves. But science has another 
function to fulfil, in the storing and the training of the hu- 
man mind ; and I would base my appeal to you on the 
poor specimen which has been brought before you this 
evening, whether any system of education at the present 
day can be deemed even approximately complete in which 
the knowledge of Nature is neglected or ignored, 

> Volta. « Faraday. 



ON CHEMICAL RATS MJ) THE STRUCT- 
URE A!fD UGHT OF THE SKY. 

A DISCOURSE, 

DKIJTTKED IS THE EOTAL DfSTlTUTlOK OF GBEAT BBITAIB 

On Friday, January 15, 13G9. 



"This U a very mjaterioos and a Terj beautifal phi 
Dboerred by the aid of a polarucope, CDnaistiog of a tourmaline plate, 
with a alice of Icelnpd crystal or nitre, cut at right angles to the optio 
■lis, and applied on the side of the tourmaline farthest from the eye. In 
a cloadleea day, if the aky bo explored in ail parts by looking through 
IhiB compound plate, the polamed cingg will be seen deTeloped with mora 
or lesB intensity in every region but that nearest the sun and that most 
distant from it — the maximum of polarization taking place on a. zone of 
the sky 90° from the sun, or in a groat circle, having tbe sua for one of 
its poles, BO that the cause of polarization is eTidently a reflection of the 
sun's light on lonwMi'nj. The question is, on what ? Were the angle of 
maiiranm polariztttion 76° we should look to water or ice for the reflect- 
ing body. But though ve were once of this opinion (art. Light, Enryii. 
MetmpoL § 1143), careful observation has aatidfied us (hat S0°, or there- 
abouts, is the correct angle, and that therefore, whatever be the body oa 
which the light has been reflected, if polarized by a tii^U re/twfibn, the 
' polarimig angle ' must be 4fi°, and the index of refraction, which is the 
tangent of that angle, unity ; in other words, the reflection would requira 
to be made in air upon air t The only imaginable way in which thia coold 
happen would be at the piano of contact of two portions of air diCferently 
heated, such as tnlghi be supposed to occur at almost every poiiit of the 
atmosphere in a bright sunn; day ; but against this there seems to be an 
insuperable objection. The polarization is most regular and complete, as 
we have lately been able to satisfy ourselves under the moat favorable 
posaibto atmospheric conditions, after Bauset, in the bright twilight of ■ 
Bummer night, with the sun some degrees below the horizon, and long 
after all the tremor and tormoil of the air, due to irregular heating, must 
have completely Babslded. On the other band, if cflected by several suc- 
cessive reflections, what is to secure a large majority of them being in 
one plane (m which case only their polarizing efl'eot would aconmulate); 
and of those which become ultimately effeative, what is there lo deter- 
mine an ultimate deviation of 90° as that of the maiitmiro ? The more 
the subject is considered, the more it will be found beset with ditBcumccj 
and its explanatioo. when arrived at, wiU probably be found to carry 
with it that of the blue color of the sky ilaelf." 

SiB John IlEBacHZL. 
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OM CHEXJ^AL BATS ASD THE STECCTTEE JSP ' 
UGHT OF TOE SKT- 



Thb £rst plijFsica] mTcst^xtiaB d aaj in 
which, jfMntlj with mr friend IVofeaaar KnoUaach, I took 
part, bore the tide: "The l^Betocptic I^t^perties <£ 
CiTBtals, and the Relation tUSagoe^sm and Oiamagnetisn) 
to Molecular Aiai^esoeaL'" ' This in re st^at ioB conqielled 
me to re6ect upon the stro c tti re of ajstals, on thor optical 
properties ia relation to that structure, and more particB- 
larly on the striking phenomena exhibited by many of 
them in the field of a sufficiently powerful magnet. These 
were evidently due to the manner in which tlie molecules 
of the crystals were built together by the fOTce of ciystal- 
liastioo ; and it was natural, if not necessary for me, to em- 
ploy such stren^h of imagination as I possessed in obtam- 
ing a mental picture of this molecular architecture. The 
inquiry gave a tinge and bias to my subsequent sdcutifio 
thought, rendering, as it did, the conceptions and pursuits 
of molecular physics pleasant to me. Its influence is to be 
traced in most of my scientific work. The first lecture, for 
example, which I ever delivered in this tbeatrc, was " On 
the Influence of Material Aggregation on the Manifeatutiona 
of Force;" by "material aggregation" being mount the 
way in which, by Nature or by Art, the molecules of ttiut. 

' Philov>phicnl Magaiinr, July, 1830. 
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ter are arranged together. In 1853 I also published a. 
paper " On Molecular Influences," in which common heat 
was made the explorer of organic structure. In the " Ba- 
kerian Lecture," given before the Royal Society in 1855, 
the same idea and phraseology crop out. The Bakerian 
Ijectuie for 1864 bears the title " Contributions to Molec- 
ular Physics." And all through the investigations which 
have occupied me during the last ten years, my wish and 
aim have been to make radiant heat an instrument hy 
wliich to lay hold of the ultimate particles of matter. 

The labors now to be considered lie in the same direo- 
tion. In tbe roscarchos just referred to, tubes of glass an4. 
brass were employed, called, for the sake of distinction, 
" experimental tubes," in which radiant heat was acted 
upon by the gases and vapors subjected to examinatioD. 
Two or three months ago, with a view of seeing what oc- 
curred within these tubes on the entrance of the gases or 
vapors, it was found necessary to intensely illuminate their 
interiors. The source of illumination chosen was tbe eleo- 
tric light, the beam of which, converged by a suitable lens, 
was sent along the axis of the tube. The dirt and filth In 
which wo habitually live were strikingly revealed by this 
method of illumination. For, wash the tube as we might 
with water, alcohol, acid, or alkali, until its appearance in 
ordinaty daylight was that of absolute purity, tbe delusive 
character of this appearance was in most oases revealed by 
the electric beam. In fact, in air so charged with aua- 
pended matter as that which supplies our lungs in London, 
it is not possible to be more than approximately clean. 

Vapors of various kinds were sent into a glass experi- 
mental tube, a yard in length, and about three inches in 
diameter. As a general rule, the vapors were perfectly 
transparent; the tube, when they were present, appearing 
as empty as when they were absent. In two or three casei^ 
.however, a faint cloudiness showed itself within the tub& 
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This caiised me a momenbuy aDxiety, for I did not know 
how ia,T, in describing my previous experiments, actions 
might have been ascribed to pure cloudless vapor, which 
were really due to those newly-observed nebulae. Inter- 
mittent discomfort, however, is the normal feeling of the 
investigator ; for it drives him to closer scrutiny, to greater 
accuracy, and often, as -a consequence, to new discovery. 
It was soon found that the nebulfe revealed by the beam 
■were also generated by the beam, and the observation 
opened a new door into that region inaccessible to sense, 
which embraces so much of the intelleclTial life of the phys- 
ical investigator. 

What are those vapors of which we have been speak- 
ing r They are aggregates of moUciUes, or small masses of 
matter, and every molecule is itself an aggregate of smaller 
parts called aloms, A molecule of aqueous vapor, for ex- 
ample, consista of two atoms of hydrogen and one of oxy- 
gen, A molecule of ammonia consists of three atoms of 
hydrogen, and one of nitrogen, and so of other substances, 
Thus the molecules, themselves inconceivably small, are 
made up of distinct parts still smaller. When, therefore, 
a compound vapor is spoken of, the corresponding mental 
image is an aggregate of molecules separated from each 
other, though still exceedingly near, each of these being 
composed of a group of atoms still nearer to each other. 
So much for the matter which enters into our conception of 
a vapor.' To this must now be added the idea of motion, 
TTie molecules have motions of their own as wholes ; their 
constituent atoms have also motions of their own, which 
are executed independently of those of the molecules ; jnst 

' Newton seeuied to cocaidcr that the moleouloB might be rendered 
Tliible by microscapes ; bnt of the atomB he appears to have eDlertaJned 
■ diS^ent opinion. He Snel; remarks: "ItBocmB impossible to me 
Ihe more seoret and Doble worlis of Nature within tbe coipuBclas, bj 
ttaBon of their tratmpBrency." — (Horschel, On Xfff/i(, Art. 1140.) . 
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as the various movementa of the earth's surface are exe- 
cuted independently of the orbital revolution of our planet. 

The vapor molecules are kept asunder hy forces which, 
virtually or actually, are forces of repulsion. Between 
these elastic forces and the atmospheric pressure under 
■ which the vapor exists, equilibrium is established as soon 
OS the proper distances between the molecules have been 
assumed. If, after this, the molecules be urged nearer to 
each other by a momentary force, they recoil as soon aa 
the force is expended. If they be separated more widely 
apart, when the separating force ceases to act they again 
approach each other. The case is different as regards tbe 
eonstifueut atoms. 

And here let it be remarked, that we are now upon the 
very outmost verge of molecular physics ; and that I am 
attempting to famdiarize your minds with conceptions 
which have not yet obtained universal currency even among 
chemists ; which many chemists, moreover, might deem un- 
tenable. But, tenable or imtenable, it is of the highest sci- 
entific importance to discuss them. Let us, then, look men- 
tally at our atoms grouped together to form a molecule. 
Every atom is held apart from its neighbors by a force of 
repulsion ; why, then, do not the mutually repellant mem- 
bers of this group part company ? The molecules separate 
from each other when the external pressure is lessened or 
removed, but the atoms do not. The reason of this stabil- 
ity is that two forces, the one attractive and the other re- 
pulsive, are in operation between every two atoms ; and the 
position of every atom — its distance from its fellows — is 
determined by the eqiiilibration of these two forces. If the 
atoms come too near, repulsion predominates and drives 
them apart; if too distant, attraction predominates and 
draws them together. The point at which attraction and 
repulsion are equal to each other is the atom's position of 
equilibrium. If not absolutely cold — and there is no such 
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P Biing as absolute coldness in our comer of Nature— the 
Btoms are always in a state of vibration, tbcir vibrations 
being executed to and fro across their positions of cqiiilib- 

Into a vapor thus constituted, we have now to pour a 
beam of light; wliicli most of you know to be a train of 
minute waves, excited in, and propagated tbrougli, an al- 
most infinitely attenuated and elastic medium, which fills 
all space, and which we name the ether. It is hardly nccca- 
Bfljy to remind you that these waves of light are not all of 
the same size ; that some of them are much longer and 
higher than otbers ; that the short waves and the long ones 
move with the same rapidity through space, just as short 
and long waves of sound travel with the same rapidity 
through air, and that, therefore, the shorter waves must fol- 
low each otlier in qmckcr succession than the longer ones ; 
that (be different rapidities with which the waves of ligbt 
impinge upon the retina, or optic nerve, give rise in con- 
sciousness to differences ot color / that there are, moreover, 
numberless waves emitted by the sun and other luminous 
bodies which reach the retina, but which arc incompetent 
to excite the sensation of light; for, if the lengths of tie 
waves exceed a certain limit, or if they fall short of a cer- 
tain other limit, they cannot generate vision. And it is to 
be particularly borne in mind, that the capacity to excite 
vision does not depend so much on tbo strength of the 
waves as on their periods of recurrence, I have, as many 
of you know, permitted waves to enter my own eye, which, 
if their energy were that of light, would have instantly and 
utterly ruined the optic nerve, but whicb failed to produce 
any impression whatever upon consciousness, because theit 
periods were not those competent to excite the retina. 

e elements of all the conceptions with which we shall 



I 



tove subsequently to d 



And 



U will observe that, though we are speaking of things 
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which lie oiitirely be3"oiid the range of the senses, iLe con- 
ceptions are aa tru]y mechanical as they would be if we 
were dealing with ordinary masses of matter, and with 
waves of scnsihlc magnitude. No really scientific mind at 
the present day will bo disposed to draw a Eubsta.ntial dis- 
tinction between chemical and mechanical phenomena. 
They differ from each other aa regards the magnitude of. 
the masses InTolved ; but in thia sense the phenomena of 
astronomy differ, also, from those of ordinary mechanics. 
The main bent of the natural philosophy of a future age 
will probably be to chasten into order, by subjecting it to 
mechanical laws, the existing chaos of chemical phe- 
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"WTiether we see rightly or wronf^Iy — whether our In- 
tellection be real or imaginary — it is of the utmost im- 
portance in saence to aim at perfect clearness in the de- 
BCtiption of all tbat comes, or seems to come, within tlic 
range of the intellect. For, if we are right, clearness of 
utterance forwards the cause of right; while, if we are 
wrong, it insures the speedy correction of error. In this 
spirit, and with the determination at all events to speak 
plainly, let us deal with our conceptions of etber-waves and 
molecules. Supposing a wave, or a train of waves, to im- 
pinge upon a molecule so as to urge all its parts with the 
same motion, the molecule would move bodily as a whole, 
but because they are animated by a common motion there 
would be no tendency of its constituent atoms to separate 
from each other. Jiifferential motions among the atoms 
themselves would be necessary to effect a separation, and 
if such motions be not introduced by the shock of the 
waves, there is no mechanical ground for the decomposition 
of the molecule. 

Thus the conception of the decomposition of compound 
molecules by the waves of ether comes to us recommended 
by a priori probability. But a closer ezaminatJon of the 
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questio a compels ub to supplement, if not maferiaUy to 
qualify, this conception. It is a most reni.irkable fact that 
the waves which h»vo thus fa.r been found most eScctual in 
shakino^ asunder the atoms of compomid molecules are 
those of least mechanical power. Billows, to use a strong 
comparison, are incompetent to produce effects which are 
readily produced by ripples. It is, for example, the violet 
and ultra-violet rays of the sun that are most effectual in 
producing these chemical decompositions ; and, compared 
with the red and ultra-rod solar rays, the energy of these 
" chemical rays " is infinitesimal. This energy would 
probably in some cases have to be multiplied by millions 
to bring it up to that of the ultra-red rays : and still the 
latter are powerless where the smaller waves are potent. 
We here observe a remarkable similarity between the be- 
havior of chemical molecules and tliat of the humna retina. 
The energy transmitted to the eye from a candle-iliime half 
a mile distant is more tlian sufficient to inform conscious- 
ness ; while waves of a different period, possessing twenty 
thousand million times this energy, have been suffered to 
impinge upon my own retina, with an absolute unconscious- . 
nesa of any effect whatever — mechanical, physiological, 
chemical, or thermal. 

If, then, the power of these smaller waves to unlock tlio 
bonds of chemical union be not a result of their strength, it 
must be, as in the case of vision, a result of their periods 
of recurrence. But how are we to figure this action ? Tlie 
shock of a single wave produces no more than an infini- 
tesimal effect upon an atom or a molecule. To produce a 
larger effect, the motion must accumulate, and for wave- 
impulses to accumulate, they must arrive in periods iden- 
tical with the periods of vibration of the atoms on which 
they impinge. In this case each succeaaive wave finds the 
atom in a position which enables that wave to add its shock 
to the sum of the shocks of its predecessors. The effect is 



FRAGMESTS OF SCIENCE. 

mcobanically the same as that due to the timed impulses 
of a boy upon a swing. The single tick of a clock has no 
appreciable effect upon the unvibrating and equally long- 
pendulum of a distant clock ; but a succession of ticks, each 
of ■which adds, at the proper moment, its infinitesimal push 
to the Bum of the pushes preceding it, ■will, aa a matter of 
fact, set the second clock going. So likewise a single puff 
of air against the prong of a heavy tuning-fork produces 
no sensible motion, and, consequently, no audible somad ; 
but a succession of puffs, which follow each other in periods 
identical with the tuning-fork's period of ■vibration, ■will 
render the fork sonorous. I think the cbeniical action of 
light is to be regarded in this way. Fact and reason point 
to the conclusion that it is the heaping up of motion on the 
atoms, in consequence of their synchronism with the shorter 
■waves, that causes them to part company. This I take to 
be the mechanical cause of these decompositions which are 
effected by the waves of ether. 

And now let us return to that faint cloudiness already 
mentioned, from which, as from a germ, these considerations 
and speculations have sprung. It has been long known that 
light effected the decomposition of a certain number of 
bodies. The transparent iodide of ethyl, or of methyl, for 
example, becomes brown and opaque on exposure to light, 
through the discharge of its iodine. The art of photography 
is founded on the chemical actions of light ; so that it is 
well known that the effects for which the foregoing theoretic 
considerations -would have prepared us, are not only proba- 
ble, but actual. 

But the metliod employed in the experiments in which 
the cloudiness above referred to was observed, and which 
consists simply in offering the vapors of volatile substances 
to the action of lij^t, enables us not only to give such ex- 
periments a beautfiul form, but also to give a great citen- 
Bion to the operations of light, or rather of radiant force, as 
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t tliemical agent. It ulso cnablos us to illuatrale in our 
laboratories actions wbich hare been lutherto performed 
only in the laboratory of Nature. A few of tbcse actions 
of a representatiye character will now be brought before 
Tou; and advantage will be taken of the fact that, in a 
great number of cases, one or more of the substances into 
vhicb the waves of light break up 
coinpoand molecules are compar- 
atively involatile. The producla 
of decomposition require a greater 
heat tban is required by the va- 
oors from which they are derived 
to keep thera in the gaseous form ; 
and hence, if the space in which 
these new bodies are liberated bo 
af the proper temperature, they 
will not remain in the vaporous 
condition, but will precipitate 
themselves as liquid particles, thus 
forming visible clouds upon the 
learn, to the action of which they 
owe their existence. 

The little flask, F, in the an- 
nexed figure, is stopped by a cork, 
pierced in two places. Through 
one orifice passes a narrow glass 
tube, a, which terminates imme- 
diately under the cork; through 
the other orifice passes a similar 
tube, 5, descending to the bottom of tlie little flask, whicn 
is filled to a height of about an inch with a transparent 
liquid. The name of this liquid is nitrite of amyl, in every 
molecule of which we have 5 atoms of carbon, 11 of hydro 
gen, 1 of nitrogen, and 2 of oxygen. Upon this group the 
waves of our electric light will be immediately let loose. 
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The large horizontal tube that you see before joa is called 
an " esperimental tube;" it ia connected with our small 
flask ; between them, however, a stop-cock intervenes, by 
means of which the passage between the flask and the ex- 
perimental tube can be opened or closed at pleasure. The 
other tube, passing through the cork of the flask and de- 
Bcending into the liquid, ia connected with a U-abaped ves- 
sel, filled with fragments of clean glass, covered with sul- 
phuric acid. In front of the U-shaped vessel is a narrow 
tube Etufl"ed with cotton-wool. At one end of the experi- 
mental tube is our electric lamp; and here, finally, is an air- 
pump, by means of which the tube has been exhausted. 
We are now ready for experiment. 

Opening the cock cautioiisiy, the air of the room passes, 
in the first place, through the cotton-wool, which holds 
back the numberless organic germs and inorganic dust- 
particlea floating in the atmosphere. The air, thus cleansed, 
passes into the U-shaped vessel, where it is dried by the 
sulphuric acid. It then descends through the narrow tube 
to the bottom of the little flask, and escapes there through 
a small orifice into the liquid. Through this it bubbles, 
loading itself to some extent with the nitrite-of-arayl vapor, 
and then the air and vapor enter the experimental tube 
together. 

The closest scrutiny would now fail to discover any 1 
thing within this tube; it is, to all appearance, absolutely 
empty. The air and the vapor are both invisible. We 
will permit the electric beam to play upon this mixture;. 
The lens of the lamp is so situated as to render the beam 
slightly convergent, the focus being formed in the vapor J 
at about the middle of the tube. You will notice that ths ■ j 
tube remains dark for a moment after the turning on of tho I 
beam ; but the chemical action will be so rapid that atten- 
tion is requisite to mark this interval of darkness. I ignite 
the lamp; the tube for a moment seema empty; but sud- ■ 
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denly tlie beam durts tlirotigt a luminous white cloucl, which 
has baniahed the preceding darkness. It has, in fact, shaken 
asunder the molecules of the nitrite of amyl, and brought 
down upon itself a shower of liquid particles which causes 
it to flash forth in your presence like a solid luminous 
spear. It is worth while to mark Low this experimeot 
illustrates the fact that, however intense a luminous beam 
may be, it remains invisible unless it has something to 
shine upon, SpcLce, though traversed by the rays from all 
suns and all Etars, is itself unseen. Not even the ether 
which fills space, and whose motions are the light of the 
universe, is itself visible. 

You notice that the end of the experimental tube most 
distant from the lamp is free from cloud. Now the nitrite- 
of-amyl vapor ia there also, but it is unaffected by the 
powerful beam passing through it. Let us make the trans- 
mitted beam more concentrated by receiving it on a con- 
cave silver mirror, and causing it to return by reflection into 
the tube. It is still powerless. Though a cone of light of 
extraordinary intensity now traverses the vapor, no pre- 
cipitation occurs, no trace of cloud ia formed. Why ? Be- 
cause the very small portion of the beam competent to de- 
compose the vapor ia quite exhausted by its work in the 
frontal portions of the tube. The great body of the light 
which remains, after this sifting out of the few effectual 
rays, has no power over the molecules of nitrite of amvl. 
We have here, strikingly illustrated, what has been already 
stated regarding the influence oi period, as contrasted with 
that of strength. For the portion of the beam which is here 
ineffectual has probably more than a million times the ab- 
Bolute energy of the effectual portion. It is energy specially 
related to the atoms that we here need, which specially re- 
lated energy being possessed by the feeble waves, invests 
them with their extraordinary power. When the experi- 
mental tube is reversed so as to bring the undecomposed 
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vapors under the action of the wisijtecl beam, you have 
stantly this fine luminous cloud precipitated. 

The light of the sun nlso effects the dccompoBition of 
the uitrite-of-amyl vapor. A small room in the Royal 
Institution, into which the sun shone, was partially dark- 
ened, the light being permitted to enter through an open 
portion of the window-shutter. In the track of the beam 
was placed a large planoH;onvei lens, wbich formed a fine 
convergent cone in the dust of the room behind it The 
experimental tube was filled in the laboratory, covered 
with a black cloth, and carried into the partially-dark- 
ened room. On thrusting one end of the tube into the 
cone of rays behind the Ions, precipitation within the cone 
was copious and immediate. The vapor at the distant end 
of the tube was shielded by that in front ; but on 
ing the tube, a second and similar splendid cone v 
cipitated. 

Now let us pause for a moment and glance at the 
ground over which we have passed. We have defined a 
vapor as an aggregate of molecules mutually repellent, 
but hindered from indefinitely retreating from each other 
by an external pressure. We have defined a molecule as 
an aggregate of atoms maintained in positions of equi- 
librium by the equalized action of two opposing forces, 
and always oscillating to and fro across those positions. 
We have defined a beam of light as a train of innumerable 
waves, and have illustrated their chemical action. We 
have learned that it is not the magnitude or power of the 
waves, so much as their periods of recurrence, that renders 
them effectual as chemical agents. We have also 
bow the luminous beam is sifted by the vapor whidi 
decomposes, and deprived of those rays which are 
pefent to effect the decompoMtion, The effects, moi 
obtained with the electric beam are also produced by 
beams of the sun. 
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And here I would ask you to make familiar to youi 
minds the idea that no chemical action can be produced by 
a ray that does not involve the destruction of the ray. But 
the term "ray" is unsatisfactory to us at present, when 
our desire is to abolish all vagueness, imd to affix a definite 
physical significance to each of our terms. Abandoning 
the term ray as loose and indefinite, we have to fix our 
thoughts upon the waves of light; and to render clear to 
our minds that those waves which produce chemical action 
do so by delivering up their own motion to the molecules 
whicb they deconfpose. We have here forestalled to some 
extent a question of great importance in molecular physics, 
which, however, is worthy of being fixed more definitely in 
your mind ; it is this : ^Vhe^ the waves of ether are in- 
tercepted by a compound vapor, is the motion of the waves 
transferred to the molecules of llie vapor, or to the atoms 
of the molecules ? "We have thus far leaned to the con- 
cluaion that the motion is communicated to the atoms ; for 
if not to these individually, wliy should they be shaken 
asunder ? TJie question, however, is capable of, and is 
worthy of, another test, the bearing and significance of 
which you will immediately appreciate. 

As already explained, the molecules are held in their 
poaitions of equilibrium by their mutual repulsion on the 
one side, and by an external pressure on the other. Tlieir 
rate of vibration, if they vibrate at all, must depend upon 
the elastic force which they mutually exert. If this force 
be changed, the rate of vibration must change along with 
it; and after the change the molecules could no longer 
absorb the waves which they absorbed prior to the change. 
Now, the elastic force between molecule and molecule is 
utterly altered when a vapor passes to the liquid state. 
Hence, if the liquid absorbs waves of the same period as its 
Tapor, it is a proof that the absorption is not eiTected by 
[flie molecules. Let us be perfectly clear on this important 
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point. Those wavea are absorbed whose vibrations syn- 
chronize with those of the molecules or atoms on which 
they impinge; a principle which is sometimes expressed by 
saying that bodies radiate and absorb the same rays. This 
great law, as you know, is the foundation of spectnim- 
analysis j it enabled Kirchhoff to explain the lines of Fraucn- 
hofer, and to determine the chemical composition of the 
atmosphere of the sun. If, then, after such a change as 
that involved in the passage of a vapor to the liqnid state, 
the same waves are absorbed as were absorbed prior to the 
passage, it is a proof that the molecules; which must here 
utterly changed their periods, cannot be the seat of the ab- 
sorption ; and we are driven to conclude that it is to the 
atoms, whose rates of vibration are unchanged by the 
change of aggregation, that the wave-motion is transferred. 
If experiment should prove this identity of action on the 
part of a vapor and its liquid, it would establish in a new 
and striking manner the conclusion to which we have pre- 
viously leaned. 

We win now resort to the experimental test In iraa\. 
of this experimental tube, which contains a quantity of the 
nitrite-of-amyl vapor, is placed a glass cell a quarter of an 
inch in thickness, filled with the liquid nitrite of amy], I 
send the electric beam first through the liquid and then 
through its vapor, Tlie luminous power of this beam is 
very great, but it can make no impression upon the vapor. 
The liquid haa robbed it completely of its effective waves. 
When the liquid is removed chemical action immediately 
commences, and in a moment we have the apparently 
empty tube filled with this bright cloud, precipitated by 
one portion of the beam, and illuminated by another. Thus 
we uncover to some extent the secrets of this world of 
molecules and atoms. 

Instead of employing air as the vehicle by whidi the 
vapor is carried into the experimental tube, we may em- 
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ploy oxygen, hydrogen, or nitrogen. Witli hydrogen curi- 
ous effects are observed, due to the Biiihiug of the clouds 
through the extremely light gas in which they float. They 
illustrate, but do not prove, the untenable notion of those 
who say that the clouds of our own atmosphere could not 
float if t!ie cloud-particles were not Httle bladders instead 
of full spheres. Before you is a tube filled with the nitrite- 
of-Amyl vapor, which haa been carried into the tube by 
hydrogen gaa. On sending the beam through the tube a 
delicate bluish-white cloud is precipitated. A few strokes 
of the pump clear the tube of this cloud, but leave a resi- 
due of vapor behind. Again, turning on the beam we have 
a second cloud, more delicate than the first. This may be 
done half a dozen times in succession, A residue of vapor 
will still linger in the tube sufficient to yield a cloud of ex- 
quisite delicacy, both as regards color and texture. 

Besides the nitrite of amy], a great number of other 
substances might be employed, which, like the nitrite, have 
been hitherto not known to be chemically susceptible to 
light. This is, in fact, a representative case. One point 
in addition I wish to illustrate, chiefly because the efiect ia 
the same in kind as one of great importance in nature. Our 
atmosphere contains carbonic-acid gas, which furnishes food 
to the vegetable world. But this food, as many of you 
know, could not be consumed by plants and vegetables 
without the intervention of the sun's raj's. As far as we 
know, however, these rays are powerless upon the free car- 
bonio acid of our atmosphere ; the sun can only decompose 
the gas when it b absorbed by the leaves of plants. In the 
leaves the carbonic acid is in close proximity with sub- 
staucea ready to take advantage of the loosening of the 
moleeulea by the waves of light. Incipient disunion being 
introduced by the solar rays, the carbon of the gaa ia seized 
upon by the loaf and appropriated, while the oxygen is dia- 
diarged into the atmosphere. 
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The experimental tube now before you contains a 
quantity of a different vapor from that which ve have 
hitherto employed. The liquid from which this vapor ia 
derived is called the nitrite of butyL On sending the eleo- 
trio beam tlux)ugh the vapor, which has been carried in by 
air, the chemical action is insensible. I add to the vapor a 
quantity of air which has been permitted to bubble through 
hydrocliloric acid. When the beam is now turned on, so 
rapid is the action and so dense the clouds precipitated, 
that you could hardly, by an effort of attention, observe the 
dark interval which preceded the precipitation of the cloud. 
This enormous augmentation of the action is due to the 
presence of the hydrochloric acid. Like the chlorophyl ia 
the leaves of plants, it takes advantage of the loosening d 
the molecules of nitrite of butyl by the waves of the electrib i 
Ught. 1 

In these experiments we have employed a luminous 
beam for two different purposes, A small portion of it baa 
been devoted to the decomposition- of our vapors, while the 
great body of the light has served to render luminous the 
clouds resulting from the decomposition. It ia possible to 
ipart to these clouds any required degree of tenuity, for 
is in our power to limit at pleasure the amount of vapor 
our experimental tube. "WTien tlie quantity is duly 4 
limited, the precipitated particles are at first inconceivably \ 
small, defying the highest microscopic power to bring them 
within the range of vision. Probably their diameters might 
then be espressed in milliontbs of an inch. They grow 
gradually, and as they augment in size they scatter a con- 
tinually increasing quantity of wave-motion, until finally 
the cloud which they form becomes so luminous as to fill 
this theatre with light. During the growth of the particles 
the most splendid iridescences are often exhibited. Such 
I have sometimes seen with delight and wonder in the 
atmosphere of the Alps, but never any thing so gorgeous 
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as tlioae ■which our laboratory experinienta reveal. It is 
not, however, with the iridescences, however beautiful they 
may be, that we have now to occupy our thoughts, but 
with other effects which bear upon the two great staoding 
enigmas of meteorology — the color of the sky and the polar- 
ization of its light. 

It is possible, as stated, by duly regulating the quantity 
of vapor, to make our precipitated particles grow from an 
infinitesimal and altogether ultra-microscopic size to masses 
of sensible magnitude ; and by means of these particles, in 
B certain stage of their growth, we can produce a blue 
wliich shall rival, if it docs not transcend, that of the deepest 
and purest Italian sky. Let this point be in the first place 
established. Associated with our experimental tube is a 
barometer, the mercurial column of which now indicates 
that the tube is exhausted. Into the tube is introduced a 
quantity of the mixed air and nitrite-of-butyl vapor sufficient 
to depress the mercurial column one-twentieth of an inch; 
that is to say, the air and vapor together exert a pressure 
of one six-hundredth of an atmosphere. I now add a quan- 
tity of air and hydrochloric acid sufficient to depress the 
mercury half an inch fari^her, and into this compound and 
highiy-attenuated atmosphere I discbarge the beam of the 
electric light. The effect is slow ; but gradually within the 
tube arises this splendid azure, which strengthens for a time, 
reaches a maximum of depth and purity, and then, as the 
particles grow larger, passes into whitish blue. This ex- 
periment is representative, and it illustrates a general 
principle. Various other colorless substances of the most 
diverse properties, optical and chemical, might bo employed 
for this experiment. The incipient cloud in every case 
would exhibit this superb blue ; thus proving to demonstra- 
tion that particles of infinitesimal size, without any color of 
their own, and irrespective of those optical properties ex- 
hibited by the substance in a massive state, are competent 
to produce Ihe color of the sky. 
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But tLere is another subject connected with our fiim 
Eueut, of a more subtle and recondite character thau even 
ils color. I mean that " mysterious and beautiful phenom- 
enon,"' the polarization of the light of the sky. The po- 
larity of a magnet consists in its twa-endedness, both ends, 
or poles, acting in opposite ■ways. Polar forces, as most of 
you know, are those in which the duality of attraction and 
repulsion is manifested. And a kind of twosidednesa — 
noticed by Huyghens, commented on by Newton, and dis- 
covered by a French philosopher, named Mains, in a betfm 
of light which had been reflected from one of the windows 
of the Luxembourg Palace in Paris— receives the name of 
polarisation. We must now, however, attach a distinct- 
ness to the idea of a polarized beam, which its discoverers 
were not able to attach to it. For in their day men's 
thoughts were not sufficiently ripe, nor optical theory suffi- 
ciently advanced, to seize upon or express the physical 
meaning of polarization, AVhcn a gun is fired, the esplo- 
sion is propagated as a wave through the air. The shells 
of air, if I may use the term, surrounding the centre of con- 
cussion, arc successively thrown into motion, each shell 
yielding up its motion to that in advance of it, and return- 
ing to its position of equilibrium. Thus, while the wave 
travels through long distances, each individual particle of 
air concerned in its transmission performs merely a small 
excursion to and fro." In the case of sound, the vibrationa , 
of the air-partielcs are executed in the direction in whit^'a 
the sound travels. They are, therefore, called longitudinal J 
vibrations. In the case of light, on the contrary, the vibrtK-B 
tions are transversal; that is to say, the individual particleS'T 
of ether move to and fro across the direction in which theol 
light is propagated. In this respect waves of light resenxB 
ble ordinary water-waves, more than waves of sound. 
' Herachel'a MeUorrHngy, Art. E33. 
' Lecturu on Sound, p. S, (Longmans.) 
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rthe case of an ordinarj- beam of light, the vibrations of the 
ether-particles are executed in every direction perpendicular 
to it ; but let the beam impinge obliquely upon a plane- 
glass Buifacc, as in the case of Mains, the portion reflected 
I will no longer have its paiticlea vibrating in all directions 
I round it. By the act of reflection, if it occur at the proper 
miilngle, the vibrations are all confined to a single plane, and 
■^ht thus circumstanced ia called ^ane polarized light 

A beam of light passing through ordinary glass executes 
Bits vibrations within the substance exactly as it would do 
in ether-filled space. Not so when it passes 
ftiirough many transparent crystals. For these have also 
I'&elr two-sidedness, the arrangement of their molecules 
' being such as to tolerate vibrations only in certain definite 
directions. There is the well-known crystal tourmaline, 
which shows a marked hostility to all vibrations executed 
at right angles to the axis of the crystal. It speedily ex- 
tinguishes such vibratioris, while those executed parallel to 
the axis are freely propagated. The consequence is, that a 
beam of light, after it has passed through any thickness of 
this crystal, emerges firom it polarized. So also as regards 
the beautiful crystal known as Iceland spar, or as double- 
TC&acting spar. In one direction, but in one only, it acta 
Bee a fnece of glass; in all other-directions, it splits the 
n of light passing through it into two distinct halves, 
bth of which are perfectly polarized, their vibrations being 
^ted in two pianos, at right angles to each other. 
It ia possible by a suitable contrivance to get rid of one 
if the two polarized beams into which Iceland spar divides 
aa ordinary beam of light. This was done so ingeniously 
and effectively by a man named Nieol, that the Iceland spar, 
out in hie fashion, is now universally known as Nicol's prism, 
f» a prism can polarize a beam of light, and if the beam, 
efore it impinges on tiie prism, be already polarized, in 
3 position of tlie prism it is stopped, while in another 



;so 



FBAGMENTS OP SCtESCE. 



position it is transmitted. Our way is now, to some extent, 
cleared toward an examination of the light of the sky. 
Looking at various points of the blue firmament through & 
Nicol's prism, and turning the prism round its axis, we im- 
mediately notice variations of brightness. In certain posi- 
tions of the prism, and from certain points of the firmament, 
the light appears to be freely transmitted ; while it is only 
necessary to turn the prism round its asia through an angle 
of 90° to materially diminish the intensity of the light. On 
close scrutiny it ia found that the difference produced by 
the rotation of the prism is greatest when the sky is rS" 
gardcd in a direction at right angles to that of the solar. 
rays through the air. 

Let mo describe a few actual observations made some 
days ago on Primrose Hill, The sua was near setting, and 
B. few scattered neutral-tint clouds, which failed to catch 
the dying light, were floating in the air. When these were 
looked at across the track of the solar beams, it was pos- 
sible, by iurning the Nicol round, to see them either as 
white clouds on a dark ground, or as dark clouds on a bright 
ground.' In certain positions of the prisms the sky-lighl, 
was in great part quenched, and then the clouds, projected, 
against the darkness of space, appeared white. Turning^ 
the Nicol 90° round its axis, the brightness of the sky was 
restored, the clouds becoming dark through contrast with. 
this brightness. Experiments of this kind prove that the. 
blue light sent to us by the firmament is polarized, and that 
the direction of most perfect polarization is perpendicular 
to the solar rays. Were the heavenly azure like the light 
scattered from a thick cloud, the turning of the prism would 
have no effect upon it ; it would be transmitted equally dur* 
ing the entire rotation of the prism. Tlie light of the sky is 
in great part quenched, because it is in great part polarized.. 

' I waa DOL airare nhea Ihcsc irords irere written that tliis observnl 
was made b; Ihe iadcratigable Bren-ster. 
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When a luminous beam impinges ab the proper angle 
on a plane-glass surface it is polarized by reflection. It ia 
polarized, in part, by all oblique reflections ; but at one 
particular angle, the reflected light ia perfectly polarized. 
An exceedingly beautiful and simple law, discovered by 
Sir David Brewster, enables us readily to find the polariztnff 
angle of any substance whose refractive index is known. 
This law was discovered experimentally by Brewster ; but 
the Wave Theory of light renders a complete reason for 
the law. A geometrical image of it is thus given : When 
a beam of liglit impinges obliquely upon a plate of glass it 
is in past reflected and in part refracted. At one particular 
incidence the reflected and the refracted portions of the 
beam are at right angles to each other. The angle of inci- 
dence is then the polarizing angle. It varies with the re- 
fractive index of the substance ; being for water 52i, for 
glass 57^, and for diamond 68°. 

It has been already stated that, in order to obtain the 
most perfect polarization of the firmamental light, the sty 
must be regarded in a direction at right angles to the solar 
beams. This is sometimes expressed by saying that the 
place of maximum polarization ia at an angular distance of 
90" from the sun. This angle, enclosed as it is between the 
direct and reflected rays, comprises both the angles of inci- 
dence and reflection, supposing the polarization to be due 
to a single reflection. Hence the angle of incidence is half 
of 90°, or 45°. This is the atmospheric polarizing angle, 
and the question ia, what known substance possesses an 
index of refinction to correspond with this polarizing angle ? 
" If," says Sir John Herschel, " we knew this substance, we 
might be tempted to conclude that particles of it, scattered 
m the atmosphere, produce the polarization of the sky. 
Were the angle of maximum polarization 76° (instead of 
90°), we should look to toalcr or ice, as the rcficcting body, 
however inconceivable the existence in a cloudlcaa atmofl- 
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phere and a hot summer day, of uncvaporated particles of 
water." But a polarizing angle of 45° corresponds to a 
refractive index of 1 ; this means that there is no refraction 
(tt all, in which case we ought to have no reflection, Brew- 
eter, therefore, and others came to the conclusion that the 
reflection was from the particles of air themselves. Dr. 
Rubenson, of Upsala, made the angle enclosed between the 
direct and reflected beams 90° 3' ; " the half of which," sajB 
Mr, Buchan, in hia excellent little " Handy Book of Me- 
teorology," " is so near the polarizing angle of air as to leave 
no doubt that the light of the sky, as first stated by Brew- 
ster, is polarized by reflection from the particles of air." 

If you doubt the wisdom, acknowledge, at all events, 
the faith in your capacity which has caused me to bring 
BO entangled a subject before you, I would fain believe, 
however, that even the intellect which draws its culture 
from a totally different source, may have its interest excited 
in subjectB like the present, dark and difficult though they 
seem. I do not expect that you will grasp all the details 
of this discussion ; but everybody present will, I think, seo 
the extremely important part hitherto played by the law 
of Brewster in speculations as t« the color and polarization 
of the sky. Let me now endeavor to demonstrate in your 
presence, firstly, and in confirmation of our former esperi- 
meots, that sky-blue may bo produced by exceedingly mi- 
nute particles of any kind of matter ; secondly, that poll 
zation identical with that of the sky is produced by sucli 
particles ; and thirdly, that matter in this fine state of di- 
vision, where its particles are small in comparison with the 
height and span of a wave of light, releases itself completely 
&om the law of Brewster ; the direction of maximum poll 
zation being absolutely independent of the polarizing angle 
as hitherto defined. 

Into this experimental tube, in the manner already d&» 
Boribed, I introduce a vapor which ia decomposable by th», 
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id vapor are sufficient to 
inch. I add to this mix- 
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icaTea of light. The mixed 
depress the mercurial columr 
ture air, which haa been permitted to bubble through dilute 
hydrochloric acid, uutil the column is depressed thirty inches : 
in other words, imtil the tube is full. And now I pcimit 
the electric beam to play upon the mixture. For some 
time nothing ia aeon. The chemical action is doubtless 
progressing, and condensation is going on ; but the con- 
densing molecules have not yet coalesced to particles suffi- 
ciently large to reflect sensibly the waves of light. As 
before stated — and the statement rests upon an experimental 
basis — the particles here generated are at first so small that 
their diameters would probably have to be expressed in 
milliontha of an inch ; while to form each of these particU» 
whole crowds of molecules are probably aggregated. Helped 
.hy such considerations the intellectual vision plunges more 
profoundly into atomic Nature, and shows us, among other 
things, how far we are from the realization of Newton's 
hope that the molecules might one day be seen by micro- 
Bcopes. While I am speaking, j-ou observe this delicate blue 
^Qolor, forming and strengthening within the experimental 

ibe. No aky-blue could exceed it in richness and purity ; 

it the particles which produce this color lie wholly beyond 
our microscopic range. A uniform color is here developed, 
which has as little breach of continuity— which yields as 
little evidence of the particles concerned in its production, 
that yielded by a body whose color is due to true mo- 
lar absorption. This blue is at first as deep and dark 
the sky seen fixim the highest Alpine peaks, and for the 

,me reason. But it grows gradually brighter, still main- 
taining its blueness, untU at length a whitish tinge mingles 
with the pure azure ; announcing that the particles are now 
longer of that infinitesimal size which mainly scatters 
shortest waves." 
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The liquid here emplojed. ia tlio iodide of ally], but 1 | 
might choose any one of a dozen substances here before i 
me to produce the effect, Tou have seen what may be 
done with the nitrite of butyl. With nitrite of amjl, bisul- 
phide of carbon, benzol, benzoic ether, etc., -the same blue 1 
color may be produced. In all cases, where matter slowly 
passes from the molecular to the massive state the transi i 
tion b marked by the production of the blue. More than 
this : you have seen me looking at the blue color (I hardly 
like to call it a blue " cioud," its texture and properties are 
so different from ordinary clouds) tbrough this bit of spar, 
This ia a Nicol's prism, and it is to be wished that one o( 
them could be placed in the hands of each of you. Now, 
this blue that I have been regarding tunis out to be, if the 
expression be allowed, a bit of more perfect sky than the ] 
sky itseIC On looking across the illuminating beam as we 
look across the solar rays in the atmosphere, we obtain not 
only partial polarization, but perfect polarization. In one 
position of the Nicol the blue light passes freely to the eye ; 
in the other it is absolutely out off, the experimental tube 
being reduced to optical emptiness. It is well to place a 
black surface behind the experimental tube, so as to prevent 
foreign light from troubling the eye. In one position of 
the prism this black surface ia seen without softening or 
qualification ; for the particles within the tube are them- 
selves invisible, and the light which they scatter is quendied. 
If the light of the sky were polarized with the same per- 
fection, on looking properly toward it through a Nicol we •■ 
should meet, not the mild rafliance of the firmaraeat, but |{ 
the unillumincd blackness of space. 

The construction of a Nicol's prism is such that it, J 
allows the passage of vibrations whitb are executed in a J~ 
certain determinate direction, and these only. All vibra" ■( 
tions executed at right angles to this direction are com* 
pletely stopped : wbile components only of those executed j 
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■Ktliiiualy to it are transinittcd. It is easy, therefore, to see 
■'tfist, from the position in wliicii the prism must be held to 
transmit or to quench the light of our incipient cloud, we 
can infer the direction of the vibrations of that light. Yon 
will be able to picture those vibrations without difficulty. 
Suppose a liuo drawn from any point of the " cloud " per- 
pendicular to the illumiualing beam. The particles of ether 
along that line, which carry the light from the cloud to the 
eye, vibrate in a direction perpendicular both to the line 
and to the beam. And if any number of lines be drawn 
ia the same way from the cloud, like the spokes of a wheel, 
the particles of ether along all of them oscillate in the same 
manner. Wherefore, if a plane surface be imagined cutting 
the incipient cloud at right angles to its length, the vibra- 
tions discharged laterally are all parallel to this surface. 
This is the piano of vibration of the polarized light. 

Our incipient blue cloud is a virtual Nicol's prism, and, 
between it and the real prism, we can produce all the 
effects obtainable between the polarizer and analyzer of a 
polariscope. When, for example, a thin plate of selenite, 
which is crystallized sulphate of lime, is placed between 
the Nicol and the incipient cloud, we obtain the splendid 
chromatic phenomena of polarized light. The color of the 
gypsura-plate, as many of you know, depends iipon its 
thickness. IT this be uniform, the color is uniform. If, on 
the contrary, the plate be wedge-shaped, thickening grad- 
ually and uniformly from edge to back, we have brilliant 
bands of color produced parallel to the edge of the wedga 
Perhaps the beat form of plate for experiments of this 
character is that now in my hand, which was prepared for 
me some years ago by a man of genius in his way, the late 
Mr. Darker, of Lambeth. It consists of a plate of selenite 
thin at the centre, and gradually thickening toward the 
circumference. Placing this film between the Nicol and 
the cloud, we obtain, instead of a series of parallel bauds, a 
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Bvstein of splendidly-colored riaga. Precisely the sai 
phenomena are observed when we look at the blue i 
ment in a direction perpendicular to the solar rays. 

We have thua far illuminated our artificial eky 
ordinary light. We will now examine the effects produced 
when the light which illumiuatea the particles is itself 
polarized. In Iront of the electric lamp, and between it 
and the experimental tube, is placed this fine Nicol's prism, 
which is sufEcicntly large to embrace and to polarize the 
entire beam. Tlie plane of vibration of the light now 
emergent from the prisui, and falling upon the cloud, is 
vertical ; and we find that this formless aggregate of infini- 
tesimal particles, without definite structure, is absolutely 
incompetent to scatter the light upward or downward, 
while it freely discharges the light horizontally, right and 
left. I turn the polarizing Nicol so as to render the plane 
of vibration horizontal ; the cloud now freely scatters the 
light vertically upward and downward, but It is absolutely 
incompetent to shed a ray horizontally to the right or left. 

Suppose the atmosphere of our planet to be surrounded 
by an envelope impervious to light, with an aperture on 
the sunward side, through which a solar beam could enter. 
Surrounded on all sides by air not directly illuminated, the 
track of the sunlight would resemble that of the electrio 
beam in a dark space filled with our incipient cloud. The 
course of the sunbeam would be blue, and it would dis- 
charge laterally, in all directions round it, light in precisely 
the same polarized condition as that discharged from the 
incipient cloud. In feet, the azure revealed by the sunbeam 
would be the azure of such a cloud. And i^ instead 
permitting the ordinary light of the sun to enter the aj 
ture, a Nicol's prism were placed there, which ahoi 
polarize the sunlight .on its entrance into our 
the particles producing the color of the sky w^ould act 
precisely like those of our incipient cloud. In two directions 
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we should have the solar light reflected ; in two others un- 
reflected. In fact, out of such a solitary beam, traversing 
the unilluminated air, we should be able to extract every 
effect shoivn by our iocipieut cloud. In the production of 
Buch clouds we virtually cany bits of the eky into our 
laboratories, and obtain with them all the effects obtainabln 
m the open firmament of heaven. 

The real sky is, as I have said, loss perfect than our 
artificial one may be made. For, mingled with the infini- 
tesimal particles which constitute the true matter of the 
flky, there are others too coarse to scatter perfectly po- 
larized light at right angles to the solar beams. Hence, 
when the brilliancy of the sky is diminished to the utter- 
most, there is still a residua of light ; the extinction is 
partial, and not total, as in the case of our incipient cloud. 
Let us consider this matter. The perfect polarization can 
only be produced by excessively minute particles; imagine 
them growing gradually larger as they actually do in our 
experiments. The extinction by the Nicol is perfect as 
long as the polarization is complete. But what would you 
expect? Manifestly, that after a time the polarization 
would cease to be perfect But here again the relation of 
the size of the particles to the size of the waves must come 
into play. In relation to the blue waves the particles are 
larger than in relation to the red; the blue waves, there- 
fore, will bo the first liberated from a condition dependent 
(m the smallncss of the particles. They will first escape 
bota the trammels of polarization ; and on their liberation 
tliey exhibit an azure far purer and more brilliant than that 
produced by the first precipitation of the particles. Could 
we overarch ourselves with a sky of this color for a single 
day, it would make us discontented with our present lack- 
lustre firmament ever afterward. It will be observed that 
in all these cases reason and experiment go hand in hand, 
the one predicting, the other verifying; every such verifi- 



S64 rRAGUENTS OF SCIENCE. 

cation lending its weigbt of proof to the undulatoiy theory 
on irhich the predictions are founded. 

The selenite ring-system, akeady referred to, is a most 
delicate reagent for the detectaon of polarized light, Whea 
we look normally, or perpendicularly, at an incipient cloud, 
the colors of tlie rings are most vividly developed, a dim- 
inution of the color being immediately apparent when 
the incipient cloud is regarded obliquely. But let us con- 
tinue to look through the Nicol and selenite normally at 
the cloud; the particles augment in size, the cloud becomes 
coarser and whiter, the strength of the selenite colors be- 
coming gradually feebler. At length the cloud ceases to 
discbarge polarized light along the normal, and then the 
selenite colors entirely disappear. If, now, the cloud be re- 
garded obUqudy the colors are restored, very vividly, if not 
with their first vividness and clearness. Tfius the cloud 
that has ceased to discharge polarized light at right angles 
to the illuminating beam, pours out such light copiously in 
oblique directions. The direction of maximum polariza- 
tion changes with the texture of the cloud. 

But this is not all ; and to understand, even partially, 
what remains, a word must be said regarding the appear- 
ance of the colors of our plate of selenite. If, as before 
stated, the plate be of uniform thickness, its hue in polai^ 
ized light is uniform. Suppose, then, that by arranging 
the Nicol the color of the plate is raised to its maximum 
brilliancy, and suppose the color produced to be green J on 
turning the Nicol round its axis the green becomes fainter. 
When the angle of rotation amounts to 4:5° the color dis- 
appears ; we then pass what may be called a neutral posi- 
tion, where the selenite behaves, not as a crystal, but as a 
bit of glass. Continuing the rotation, a color reappears, 
but it is no longer green but red. This attains its maxi- 
mum at a distance of 45° from the neutral position, or, in 
atber words, at a distance of 90° &om the position which 
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further distance 
red, the color disap- 



Bliowed the green at its maximmn. 
of 45° from the position of maximui 

pears a second time. We have there a second neutral 
point, beyond which the green cornea again into view, at- 
taining its maximum brillianey at the end of a rotation o£ 
180°. By the rotation of the Nicol, therefore, through an 
angle of 00°, we produce a color complementaiy to that 
with which we started. 

As may be inferred from tliis result, the selenite ring- 
system changes its character when the Nicol ia turned. 
It ia possible to haye the centre of the circle dark, the 
surrounding rings being vividly colored. The turning of 
the Nicol through an angle of 90° renders the centre bright, 
while every point occupied by a certain color in the first 
instance is occupied by the complement of that color in the 
second. By curious internal actions, not here to be de- 
scribed, the cloud in our experimental tube sometimes 
divides itself into sections of different textures. Some seo- 
tions are coarser than others, while it often happens that 
some are iridescent to the naked eye, and others not. 
Looking normally at such a cloud through the selenite and 
Nicol, it often happens that in passing from section to sec- 
tion the whole character of the ring-system is changed. 
You start with a section producing a darfi: centre and a 
corresponding system of rings ; you pass through a neutral 
point to another section and find there the centre bright, 
and each of the first rings displaced by one of the comple- 
mentary color. Sometimes as many as four such rever- 
sions occur in the cloud of an experimental tube a yard 
long. Now, the changes here indicated mean that in passing 
Irom section to section of the cloud the plane of vibration 
of the polarized hght turns suddenly through an angle of 
00° ; thia change being entirely due to the different texture 
of the two parts of tho cloud. 

You will now be able to understand, as far aa it is car 
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pable of being understood, a very Tjeautiful cfTeet which, 
under £ivorable circumstances, might be observed in our 
atmosphere. This esperimental tube contains an inch of 
the iodide-of-allyl vapor, the remaining 20 inches necessaiy 
to fill the tube being air, which has bubbled through aque- 
ous hydrochloric acid. Besides, therefore, the vapor of 
iodide of allyl, ive have those of water and of acid within 
the tube. The light has been acting on the mixture for 
some time, a beautiful incipient blue cloud being formed. Ah 
before stated, the " incipient cloud " is wholly different in 
testure and optical properties from an ordinary cloud; but 
it is possible to precipitate in the midst of the azure the 
aqueous vapor so as to cause it to form in the tube a cloud 
similar to the clouds of our atmosphere. An exhausted 
vessel of about one-third of the capacity of the experi- 
inental tube is connected with it, the passage uniting both 
being closed by a stop-cook. On opening this cock the 
mixed air and vapor rush from the esperimental tube into 
the empty vessel ; and, in consequence of the chilling due 
to rarefaction, the vapor in the experimental tube is pre- 
cipitated as a true cloud. What is the result ? Instantly. 
the centre of the system of colored rings becomes bright^ 
and the whole series of colors corresponding to definite ra- 
dial distances, complementary. While yon continue to, 
look at the cloud, it gradually melts away as an atmo&^ 
pherio cloud might do in the azure of heaven. And then 
IB our azure also remaining behind. The coarser cloud 
seems drawn aside like a veil, the blue reappears, the first 
ring-aystem, with its dark centre and correspondingly col- 
ored circles, being restored. 

Thus patiently you have accompanied me over a piec?. 
of exceedingly difBcult ground ; and I think, as a prudeat 
guide, we ought to bait upon the eminence we have now 
attained. Wa might go higher, but the bowlders begin 
here to be very rough. At a future day we shall, I doubt 
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Dot, be iible to ovorcome thia diiEcultj, and to reach to- 
gether a greater elevation. 



TBE SKY OF THE ALPS. 

The vision of an objeot always implies a difTerential 
action on the retina of the observer. The object is dis- 
tinguished from surrounding space by its excess or defect 
of light in relation to that space. By altering the illumi- 
nation, either of the object itself or of ita environment, we 
alter the appearance of the object. Take the case of clouds 
floating in the atmosphere with patches of blue between 
them. Any thing that changes the illumination of either 
alters the appearance of both, that appearance depending, 
aa stated, upon differential action. Now the light of the 
sky being polarized, may, as the reader of the foregoing 
pages knows, be in great part quenched by a Nicol's 
prism, while the hght of a cloud, bcmg unpolarized, cannot 
be thus extinguished. Hence the possibility of very re- 
markable variations, not only in the aspect of the firma- 
ment, which is really changed, but also iu the aspect of the 
clouds which have that firmament aa a background. It is 
possible, for example, to choose clouds of such a depth of 
shade that when the Nicol quenches the light behind them, 
tbey shall vanish, being undistinguishable from the residual 
dull tint which outlives the extinction of the LrOUance of 
the sky. A cloud less deeply shaded, but still deep enough, 

I when viewed with the naked eye, to appear dark on a 
bright ground, is suddenly changed to a white cloud on a 

' dark ground by the quenching of the sky behind it. Wben 
ft reddish cloud at sunset chances to Boat in the region of 
maximum polarization, the quenching of the sky behind it 
ises it to flash with a brighter crimson. Last Easter eve 

I tlie Dartmoor sky, which had just been cieanscd by a snow- 
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6tonii, wore a very wild appearance. Round the horizon it 
was of steely brilliancy, while reddish cumuli and cirri 
floated southward. When the aby was quenched behind 
them these floating masses seemed like dull embers sud- 
denly blown upon ; they brightened like a fire. In the 
Alps we have the most magnificent examples of crimson 
clouds and snows, so that the effects just referred to may 
be here studied under the best possible conditions. On 
August 23, 18G9, the evening Alpenglow was very fine; 
though it did not reach its maximum depth and splendor. 
Toward sunset I walked up the slopea to obtain a better 
view of tbe Weisshom. The aide of the peakseen from the 
Bel Alp, being turned from the sun, was tinted mauve f 
but I wished to see one of tbe rose-colored buttresses of the 
mountain. Such was visible from a point a few hundred 
feet above the hotel. The Matterhom also, though for the 
most part in shade, had a crimson projection, while a deep 
ruddy red lingered along its western shoulder. Four dis- 
tinct peaks and buttresses of the Dom, in addition to its 
dominant head — all covered with pure snow — were red- 
dened by the light of sunset. The shoulder of the Alphu- 
bel was similarly colored, while tbe great mass of the Flet- 
Bchorn was all a-glow, and so was the snowy spine of the 
Monte Leone. 

Looking at tbe Wcisshorn through the Nicol, the glow 
of its protuberance was strong or weak according to ths 
position of tbe prism. The summit also underwent a 
change. In one position of the prism it exhibited a paid 
wbite agauist a dark background; in the rectangular pou- 
tion, it was a dark mauve agamst a light background. Thai 
red of tbe Matterhom changed in a similar man 
the whole mountain also passed through striking change* 
of definition. The air at the time was filled with a silvery 
haze, in which the Matterhom almost disappeared. This 
could be wholly quenched by the Nicol, and then the 
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mountain sprang forth with astonishing solidity and detach- 
ment from the surrounding air. The changes of the Dom 
were still more wonderful, A vast amount of light could 
be removed from the sky behind it, for it occupied the po- 
eition of maximum polarization. By a little practice with 
the Nicol it was easy to render the extinction of the light, 
or its restoration, almost instantaneous. When the sky was 
quenched, the four minor peaks and buttresses, and the 
summit of the Dom, together with the shoulder of tbe Al- 
phubel, glowed as if set suddenly on fire. This was imme- 
diately dimmed by turning the Nicol through an angle of 
90°. It was not the stoppage of the light of the sky behind 
the mountains alone which produced tliia startling effect; 
the air between thera and me was highly opalesceqt, and 
the quenching of this intermediate glare augmented re- 
markably the distinctness of the mountains. 

On the morning of August 24th similar effects were fine- 
ly shown. At 10 A. M. all three mountains, the Dom, the 
Matterhom, and the Weisshom, were powerfully affected 
by the NicoL But in this instance also tlie line drawn to 
the Dom being accurately perpendicular to the direction of 
the solar shaxiows, and consequently very nearly perpen- 
dicular to the solar beams, the effects on this mountain were 
most striking. T!ie gray summit of the Matterhom at the 
samo time could scarcely be distinguished from the opalea- 
oent haze around it; but when the Ificol quenched the 
haze, the summit became instantly isolated, and stood out 
in bold definition. It is to be remembered that in the pro- 
duction of these effects the only things changed are the 
sky behind and the luminous haze in front of the moun- 
tains ; that these are changed because the light emitted 
from the sky and from the haze is plane polarized light,' 
and that the light from the snows and from the mountains 
being sensibly unpolarized, is not directly affected by the 
■ De&neil at page 2M. 
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Nicol. It will also be understood that it is not the interposi- 
tion of the haze as an opaque body that reodera the 
taina indistinct, but that it is the light of the Laze which 
dims and bewi)ders the eye, and thus weakens the defini> 
tion of objects seen through it. 

Tlie results have a direct bearing upon what artists call, 
" aSrial perspective." As we look from the summit of the' 
Aletschhom, or from a lower elevation, at the serried crowd! 
of peaks, especially if the mountains be darkly colored- 
covered with pines, for example — every peak and ridge 
separated from the mountains behind it by a thin blue haze 
which renders the relations of the mountains as to distance 
unmistakable. When this haze is regarded through the 
Nicol perpendicular to the snn's raja, it is in many cases 
wholly quenched, because the light which it emits in this 
direction is wholly polarized. When this happens, agilal 
perspective is abolished, and mountains very differently dis- 
tant appear to rise io the same vertical plane. Close to the 
Bel Alp, for instance, is the gorge of the ilassa, and beyond 
the gorge ia a high ridge darkened by pines. Tbis ridge 
may be projected upon the dark slopes at the opposite side 
of the Rhone valley, and between both we have the blue 
haze referred to, throwing the distant mountains far away. 
But at certain hours of the day this haze may be quenched, 
and then the Massa ridge and the mountains beyond the 
Rhone seem almost equally distant from the eye. The one 
appears, aa it were, a vertical continuation of the other. 
The haze varies with the temperature and humidity of the 
atmosphere. At certain times and places it is almost aa 
blue as the sky itself; but to see its color, the attention 
must be withdrawn from the mountains and from the trees 
which cover them. In point of fact, the haze is a piece of 
uoie or less perfect sky ; it is produced in the sai 
ner, and is subject to the same laws, as the firmament iU 
Belt We live in the sky, not undra- it. 
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These points were further elucidated b^ the deportment 
of the selenite plate, with which the readers of tlie fore- 
going discourse are already acquainted. On some of the 
sunny days of August the haze in the yalley of the Rhone, 
as looked at from the Bel Alp, was very remarkable. Tow- 
ward evening the sky above the mountains opposite to my 
place of observation yielded a series of the most splendidlv- 
colored iris-rings ; but on lowering the selenite until it had 
the darkness of the pines at the opposite side of the Khone 
valley, instead of the darkness of space as a background, 
tlie colors were not much diminished in brilliancy. I should 
estimate the distance across the valley, as the crow flies, to 
the opposite mountains, at nine miles j so that a body of 
air sine miles thick can, under favorable circumstances, 
produce chromatic effects of polarization almost as vivid as 
those produced by the sky itself. 

Again : the light of a landscape, as of most other things, 
consists of two parts: the one part comes purely from 
snperficial reflection, and this light is always of the same 
color as that which falls upon the landscape ; the other 
[Kirt comes to us horn a certain depth within the objects 
whidh compose the landscape, and it is this portion of the 
total light which gives these objects their distinctive 
colors. The white light of the sun enters all substances to 
a certain depth, and is partially ejected by internal reflec- 
tion ; each distinct substance absorbing and reflecting the 
light in accordance with the laws of its own molecular eon- 
Btitution. Thus the solar light is sijled by the landscape, 
which appears in such colors and variations of color as, 
■fter the sifting process, reach the observer's eye. Thus 
the bright green of grass, or the darker color proper to the 
pine, never comes to us alone, but is always mingled with 
KQ amount of really foreign light derived from superficial 
t reflection. A certain hard brilliancy is conferred upon the 
[ woods and meadows by this superficially-reflected light. 
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Under certain circumstances, it may be quenched by 
Nicol's prism, and we then obtain the true color of the grass 
and foliage. Trees and meadows thus regarded exhibit a 
richness and softness of tint which they never show as long 
as the superficial light is permitted to mingle with the true 
interior emission. The needles of the pines show this effect 
very well, large-leaved trees still better ; while a glimmer* 
ing £cld of maize exhibits the most extraordinary variatioDB 
when looked at through the rotating NicoL 

Thoughts and questions like those here referred to took 
me, in August, 18C9, to the top of the Aletschhorn. The 
effects described in the foregoing paragraphs were for the 
most part reproduced in the summit of the mountain. I 
scanned the whole of the sky with my Nicoh Both alone 
and in conjunction with the selenite it pronounced the per- 
pendicular to the solar beams to bo the direction of max!- 
mum polarization. But at no portion of the firmament was 
the polarization complete. The artificial sky produced in 
the experiments recorded in the preceding discourse could, 
in this respect, be rendered more perfect than the natural 
one ; whLe the gorgeous " residual blue " which makes its 
appearance when the polarization of the artificial sky ceases 
to be perfect, was strongly contrasted with the lack-lustre 
hue which, in the case of the firmament, outlived the ex- 
tinction of the brilhance. With certain substances, how- 
ever, artificially treated, this dull residue may also be ob- 
tained. 

All along the arc from the Matterhorn to Mont Blano 
the light of the sky immediately above the mountains was 
powerfully acted upon by the NicoL In some cases the 
variations of intensity were astonishing, I have already 
said that a little practice enables the observer to shift the 
Nicol from one position to another so rapidly as to render 
the alternate extinction and restoration of the light imme- 
duLe. '\Vlicn this was done along the arc to which I have 
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referred, the alternations of light and daikness resembled 
the play of sheet-lightning behind the mountains. My 
notes state that there was an element of awe connected 
with the suddenness with which the mighty masses, ranged 
along the line referred to, changed their aspect and defi- 
nition under the operation of the prism. 
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XI. 

DUST AND DISEASE. 

A DISCOURSE. 

UEUTSBED IS THE BOTAL nrSTTTUTIOK OF OBEAT BBTlAni 

Ja/Muvry 21, 1870. Wifh Addition*. 



**Toiit miasme contagieux ales propria t6s, 1* de reproduire son ana> 
logue dans nne maladie qu*il a occasionn^e ; 2** de se r6pandre et do 
s*entendre k Tinfini, en vertu de ce d^veloppement secondaire, c*e8t-IU 
dire, aussi longtemps qu'il existe nnemati^ propre k recevoir le miasme, 
et en & produire un nouveao. Ges deux propri^tes lui sont communes 
avec les germes des animaux et des plantes. 

HlLDKUIUNn. 



" ON BUST AITD DISEASE. 



1 Dttsty Air. 

SoiAB light in passing through a dark room reveals its 
track by Oluminating the dust floating in the air. " The 
Bun," Bays Daniel Culverwell, " discovers atomes, though 
they be invisible by candle-light, and makes them dance 
naked in his beams." ' 

In my researches oa the decomposition of vapora by 
light, I was compelled to remove these "atomes" and this 
dust. It was essential that the space containing the vapors 
should embrace no visible thing; that no substance capable 
of scattering the light in the slightest sensible degree 
should, at the outset of an experiment, be found in the " ex- 
perimental tube " traversed by the luminous beam. 

For a long time I was troubled by the appearance there 
of floating dust, which though invisible in diffuse daylight 
wag at once revealed by a powerfully-condensed beam. Two 
tubes were placed in succession in the path of the air : the 
one containing fragments of glass wetteJ with concentrated 
sulphuric acid ; the other, fragments of marble wetted with 
a strong solution of caustic potash. To my astonishment 
the dust passed through both. The air of the Royal Insti- 
tution sent through these tubes at a rate sufficiently alow 
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I Oa a day of tctinaient ahadows then 
the riae and dlasolution of the luminou! 
pnloa of the 'Royal Albert Hull. 



nagloal in 
CBfTolditig 
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to dry it, and to remove ita carbonic acid, carried* into thB^ 
experimental tube a considerable amount of mechanically 
Buspended matter, wliich was illuminated when the beam 
passed through the tube. The effect was substantially the 
same when the air was permitted to bubble through the i 
liquid acid and through the Bolution of potash. 

Thus, on October 5, 1868, succGssive charges of air were J 
admitted through the potash and sulphuric acid into the ex- 
hausted experiraentaj tube. Prior to the admission of th<£fl 
sir the tube was optically empty ; it contained i 
competent to scatter the hght. After the air had enteredij 
the tube, the conical track of the electric beam was ii 
cases clearly revealed. This, indeed, was a daily observa- J 
tioE at the time to which I now refer, 

I tried to intercept this floating matter in various waya ; : 
and on the day just nujntioned, prior to sending the air 1 
through the drying apparatus, I carefully permitted it to 
pass over the tip of a spirit-lamp flame. Tlie floating mat- 
ter no longer appeared, Laving been burnt up by the flame. 
It was, therefore, of organic origin. I was by no meana 
prepared for this result ; for I had thought that the dust of 
our air was, in great part, inorganic and non-combustible. 

I had constructed a small gas-furaace, now much em- 
ployed by chemists, containing a platinum tube, which 
could be heated to vivid redness,' The tube contained a 
roll of platinum gauze, which, while it permitted the air to 
pass through it, insured the practical contact of the duat 
with the iucandescent metaL The air of the laboratory 
was permitted to enter the experimental tube, sonietimea 
through the cold, and sometimes through the heated, tube 
of platinum. The rapidity of admission was also varied. 
In the first column of the following table the quantity of 
air operated on is expressed by the number of inches wbioh 
the mercury gauge of the air-pump sank when the air en- ; 
' Pasteur was, I belioTP, the flret to empbj mieh a tol 
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tered. In tlie second colunm the condilioD of the plati 
tube is mentioned, and in the third the state of the 
whicb had entered the experimental tube. 

(lasntKy of Air. 6talo of riaUniiiD Tube. Stnte of EipcrimeBtal Tu 

IB inches Cold Full of particlea. 

IB " Kedhot Optically empty. 



The ptrase " optically empty " shows that when the con- 
ditions of perfect combustion were present, the floating 
matter totally disappeared. It was wholly burnt up, leav- 
ing no sensible residue. The experiment was repeated 
many times, with the same invariable result. 

The whole of the visible particles floating in tbe air of 
London rooms being thus proved to bo of organic origin,' 
I sought to bum them up at the focus of a concave re- 
flector. One o£ the powerfully convergent mirrors em- 
ployed in my experiments on combustion by darit rays was 
here made use of, but I faUed in the attempt. Doubtless 
the floating particles arc in part transparent to radiant heat, 
and are so far incombustible by such heat. Their rapid 
motion through the focus also aids their escape. They do 
not linger there sufficiently long to be consumed. A flame 
it was evident would bum them up, but I at first thought 
the presence of the flame would mask its own action among 
the particles. 

' According to an analysis kindly fumiBhcd to tuclij Dr. rercy, the dust 
eonccled from IheKalkodhe British Museum containa fully 60 percent, 
of inorganio maltcr. I huTO every confidence in the results of this dis- 
tlnguiahed chemist ; thej shov that the jloaHng dustof onr rooms is, as it 
ware, winnowed from the beiTiev mutter. Ai bearmg directly upon this 
point, I may quote the folloning passage from Faeteur: "Mais ici se 
prdsente une remarquu ; la poasei^re que I'on trouve i la surface de tons 
lea corps est souniiEe conalamiuent & dea courants d'flir, qui dolTent sou. 
kvcr BCB parlioulea lea plus 14g6res, aunombredeBqncllea aetrouTCBt, Sana 
doute, ds pr^f£rence les cocpuaculea orgnniafis, ceufs ou sporei', moini 
Ipurda gdnirnluniTOl quo lea particulcs minindea," 
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la a cylindrical beam, which Btrongly illuminated the 
dust of the laboratoiy, was placed an ignited spirit-lamp. 
Mingling' with the flame, and round its rim, were seen 
curious wreaths of darkness resembling an intensely-black 
Bmoke. On lowering the flame below the beam the same 
dark masses stormed upward. They were at times blacker 
than the blackest smoke .that I have ever seen issuing from 
the funnel of a steamer; and their resemblance to smoke 
was so perfect as to lead the most practised observer to 
conclude tliat the apparently-pure flame of the alcohot-lamp 
required but a beam of sufficient intensity to reveal its 
clouds of Lberated carbon. 

But is the blackness smoke f This question presented 
itself in a moment, A red-hot poker was placed under- 
neath tbe beam, and from it the black wreaths also as- 
cended. A large hydrogen-flame was next employed, and 
it produced those whirling masses of darkness fax more 
copiously than either the spirit-flame or poker. Smoke was 
therefore out of the question, 

Wliat, then, was the blackness? It was simply that of 
stellar space ; that is to say,- blackness resulting from the 
absence from the track of tbe beam of all matter competent 
to scatter its light. When the flame was placed below the 
beam, the floating matter was destroyed in situ,' and the 
air, freed from this matter, rose into the beam, jostled aside 
the Oluminated particles, and substituted for their light the 
darkness due to its own perfect transparency. Nothing 
could more forcibly illustrate the invisibility of the agent 
which renders all things visible. The beam crossed, un- 
seen, the black chasm formed by the transparent air, while 
at both sides of the gap the thick-strewn particles shone 
out like a luminous soUd under the powerful jllumina- 
'ion. 

But here a rather perplexing difiiculty meets us. It ia 
not necessary to bum the particles to produce a. stream of 
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iarknesa. Without actual combuation, ciureDtB may be 
generated 'which shall exclude the floatiog' matter, aod 
therefore appear dark amid the Bmroundiag brightness. I 
noticed this effect first on placing a red-hot copper ball be- 
low the beam, and permitting it to remain there until its 
temperature had lallen below that of boiling water. The 
dark currents, though much enfeebled, were still produced. 
They may also bo produced by a flask filled with hot 
water. 

To study this effect a platinum wire was stretched 
across the beam, the two ends of the wire being connected 
with the two poles of a voltaic battery. To regulate the 
strength of the current a rheostat was placed in the circuit. 
Beginning with a feeble cuireBt the temperature of the 
wire was gradually augmented ; but, before it reached the 
heat of ignition, a fiat stream of air rose from it, which 
when looked at edgeways appeared darker and sharper than 
one of the blackest lines of Fraunhofer in the solar spec- 
tram. Bight and left of this dark vertical band the fioat- 
ing matter rose upward, bounding definitely the non-lumi- 
nous stream of air. What is the explanation? Simply 
this : The hot wire rarefied the air in contact with it, bat 
it did not equally lighten the floating matter. The con- 
vection current of pure air therefore passed upward among 
the inert particles, dragging them after it right and left, but 
forming between them an impaaaftble black partition. This 
elementary experiment enables us to render an account of 
the dark currents produced by bodies at a temperature be- 
low that of combustion. 

When the wire is white hot, it sends up a band of in- 
tense darkness. This, I say, is due to the destruction of 
the floating matter. But even when its temperature does 
not exceed that of boiling water, the wire produces a dark 
ascending current This, I say, is due to the distribution 
of the floating matter. Imagine the wire clasped by the 
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mote-filled air, ^y idea is that it heats the air and lightens 
it, without in the same degree lightening the floatiug mat- 
ter. The tendency, therefore, is to start a current of clean 
air through the mote-fiUed air. Figure the motion of the 
air all round the wire. Looking at its transverse eection 
we should see the air at the bottom of the wire bending 
round it right and left in two branch-currenta, ascend- 
ing its sides and turning to fill the partial vacuum created 
above the wire. Now as each new supply of air, filled with 
its motes, comes in contact with the hot wire, the clean 
air, as just stated, is first started through the inert motea. 
They are dragged after it, but there is a Mnge of cleansed 
air in advance of the motea. The two purified fiioges of 
the two branch-currenta unite above the wire, and, keej^ 
mg the motes that once belonged to them right and left, 
they form by their union the dark band observed in the 
BEperiment, This process is incessant. Always the mo- 
ment the mote-filled air touches the wire this distribution 
is effected, a permanent dark band being thus produced. 
Could tbc air and the particles under the wire pass through 
its mass we should have a vertical current of particles, but 
no dark band. For here, though the motes would be left 
behind at starting, they would hotly follow the ascending 
current and thus abolish the darkness. 

It has been said that when the platinum wire is intensely 
heated, the floating matter is not only distributed, but de- 
stroyed. Let this be proved, I stretched a wire about 4 
inches long through the air of an ordinary glass shade, rest- 
ing on its stand. Its lower rim rested on cotton-wool, which 
also surrounded the rim. The wire was raised to a white 
heat by an electric current. The air esp&nded, and some 
of it was forced through the cotton-wool, while, when the 
current was interrupted and the air within the shade cooled, 
the expelled air in its return did not carry motea along with 
iL At the beginning of thia experiment the shade i 
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oliarged with lloatinj matter ; at the end of half an hour it 
was optically empty. 

A second experimeat was thus arranged : on the wooJen 
base of a cubical glass shade, measuring 11^ inches a side, 
upright supports were fixed, and from one support to the 
other 33 inches of platinum wire were stretched in iour 
parallel lines. The ends of the platinum wire were soldered 
to two stout copper wires, which passed through the base 
of the shade and could be connected with a battery^ As 
in the last experiment, the shade rested upon cotton-wool, 
A beam sent through the shade revealed the suspended 
matter. The platinum wire was then raised to whiteness. 
In five minutes there was a sensible diminution of the maf> 
ter, and in ten minutes it was totally consumed. This 
proves that when the platinum wire is suificiently heated, 
thefloatingmatter, instead of being distributed, is destroyed. 

But is not the matter really of a character which permits 
of its destruction by the moderately-heated platinum wire? 
Here is the reply : 

1. A platinum tube, with its plug of platinum gauze, ■ 
was connected with an experimental tube, through which a 
powerful beam could be sent from an electric lamp placed 
at its end. The platinum tube was heated till it glowed 
feebly but distinctly in the dark. The experimental tube 
was exhausted, and then filled with air which 'bad passed 
through the red-hot tube. A considerable amount of floats 
ing matter which bad escaped combustion was revealed by 
the electric beam, 

3. The tube was raised to brighter redness and the aix 
permitted to pass slowly through it. Though diminished 
in quantity, a certain amount of floating matter passed into 
the exhausted experimental tube. 

3. The platinum tube was rendered still hotter; a 
aarely perceptible trace of the floating matter now passed 
through it. 
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4. The experiment was repeated, with ibe differencp 
that the air was sent more slowly through the red-hot tube. 
The floating matter was totally destroyed. 

6. The platinum tube was now lowered until it bordered 
upoa a visible red heat. The air sent through it still more 
elowly than in the last experiment carried with it a cloud 
of floating matter. 

If, then, the suspended matter is destroyed by a bright- 
red heat, much more is it destroyed by a flame, whose tem- 
perature is vastly higher than any here employed. So that 
the blackness introduced into a luminous beam where a 
flame ia placed beneath it is due, as stated, to the destruc- 
tion of the BTispended matter. At a dull-red heat, how- 
ever, and still more when only on the verge of redness, the 
platinum tube permitted the motes to pass freely. In the 
latter case the temperatm-e was POO" or 900° Fabrenheit, 
This was unable to destroy the suspended matter; much 
less, therefore, would a platinum wire heated to 318° be 
competent to do so. Such a wire can only distribute tha 
matter, not destroy it. 

The floating dust is revealed by intense local illumina- 
tion. It is seen by contrast with the adjacent illuminated 
space ; the brighter the iUumination the more eensible ia 
the difi'erence. Now, the beam employed in the foregoing 
experiments' is not of the same brightness throughout its 
entire transverse section. Pass a white switch, or an ivory 
paper-cutter, rapidly across the beam, the impression of its 
section will linger on the retina. The section Heems to float 
for a moment in the air as a luminous circle, with a rim much 
brighter than its central portion. The core of the beam is 
thus seen to be enclosed by an intensely-luminous sheath. 
An effect complementary to this ia observed when the beam 
is intersected by the dark band from the platinum wire. 
The brighter the illumination the greater must be the rela- 
tive darkness consequent on the withdrawal of the light. 
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Hence the tross-section of the sheath aurrounds the dark 
band as a darker ring. 

Oxygen, hydrogen, nitrogen, carbonic acid, bo prepared 
as to exclude all floating particles, produce the darkness 
when poured or blown into the beam. Coal-gas does the 
same. An ordinary glass shade placed in the air with its 
mouth downward permits the track of the beam to be seen 
crossing it. Let coal-gas or hydrogen enter the shade by a 
tube reaching to its top, the gas gradually fills the shade 
from the top downward. As soon as it occupies the space 
crossed by the beam, the luminous track ia instantly abol- 
ished. Lifting the shade so as to bring the common bound- 
ary of gas and air above the beam, the track flashes forth. 
After the shade is full, if it be inverted, the gas passes up- 
ward like a black smoke among the illuminated particles. 

The air of our London rooms is loaded with this organic 
dust, nor is the country air free from its presence. However 
ordinary daylight may permit it lo disguise itself, a suffi- 
ciently powerful beam causes dust suspended in mt to ap- 
pear almost as a semi-sohd. Nobody could, in the first 
instance, without repugnance, place the mouth at the illu- 
minated focus of the electric beam and inhale the thickly- 
massed dust revealed there. Nor is the repugnance abol- 
ished by the reflection that, although we do not see the 
floating partides, we are taking (Lem into our lungs every 
hour and minute of our lives. 



The Qerm- 



of Cotitagioiis Disease. 



There ia no respite td this contact with the floating ma^ 
ter of the air ; and the wonder is, not that we should suffer 
occasionally from its presence, but that so small a portion 
of it, and even that but rarely difi'used over large areas, 
should appear to be deadly to man. And what is this por^ 
tion? It was some time ago the current belief that epideinio 
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diseases generally were propagated by a kind of malaria, 
wMch consisted of organic matter in a state of motor-decay; 
that when such matter was taken into tbe body through 
the lungs, skin, or stomach, it had the power of spreading 
there the destroying process which had attacked itseli 
Such a power was visibly exerted in the case of yeast. A 
little leaven was seen to leaven the whole lump, a mere 
speck of matter io this supposed state of decomposition be- 
iog apparently competent to propagate indefinitely its own 
decay. Why should not a hit of rotten malaria work in a 
similar manner within the human frame ? In 1836 a very 
wondgrful reply was given to this question. In that year 
Cagnlard de la Tour discovered the yeost-plant, a living or- 
ganism, which, when placed in a proper meilitim, feeds, grows, 
and reproduces itself, and in this way carries on the procesa 
which we name fermentation. By this striking discovery 
fermentation was connected with organic growth. 

Schwann, of Berlin, discovered the yeast-plant inde- 
pendently about the same time ; and in February, 1837, he 
also armomiced the important result that, when a decoction 
of meat is effectually screened from ordinary air, and sup- 
plied solely with calcined air, putrefaction never seta in. 
Putrefaction, therefore, he affirmed to be caused by some- 
thing derived from the air, which something coiJd be de- 
stroyed by a sufficiently high temperature. The results of 
Swann were confirmed by the independent experiments of 
Helmholtz, Ure, and Pasteur, whOe other methods, pursued 
by Schultze and by Schroeder and Dusch, led to the same 
result. But as regards fermentation, the minds of chenaists, 
influenced probably by the great authority of Gay-Jjussac, 
felt back upon the old notion of matter in a state of decay. 
It was not the living yeast-plant, but the dead or dying 
parts of it, which, assailed by oxygen, produced the fer- 
mentation. This notion was finally exploded by Pasteur, 
He proved that the so^alled "ferments" are not such; 
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lieh find in ^^M 



tliat the true ferments are organized beings, wliieh 
the reputed feriiienta their necessary food. 

Side by side with these researches and dificoTcrics, and 
fortified by them and others, has run the genn-theory of 
epidemic disease. The notion ■was expressed by Kircher 
and favored by Linnasus, that epidemic diseases are due 
to germs which float in the atmosphere, enter the body, and 
produce disturbance by the development within the body 
of parasitio life. While it was still strugghng against 
great odds, this theory found an expounder and a defender 
in the President of this institution. At a time when most 
of his medical brethren considered it a wild dream, Sir 
Henry Holland contended that some form of the germ- 
theory was probably true. The strength of ibia theory 
consists in the perfect parallelism of the phenomena of con- 
tagious disease with those of life. As a planted acorn 
gives birth to an oak competent to produce a whole crop 
of acoms, each gifted with the power of reproducing its 
parent-tree ; and as thus from a single seedling a whole 
forest may spring; so, it is contended, these epidemic dis- 
eases literally plant their seeds, grow, and shake abroad 
new germs, which, meeting in the human body their proper 
food and temperature, finally take possession of whole 
populations. There is nothing to mj knowledge in pure 
chemistry which resembles the power of self-multiplication 
possessed by the matter which produces epidemic disease. 
If you sow wheat you do not get barley ; if you sow small- 
pox you do not get scarlet fever, but small-pox indefinitely 
multiplied, and nothing else. The matter of each con- 
tagious disease reproduces itself as rigidly as if it were (as 
Miss Nightingale puts it) dog or cat. 

Parasitic J>iaeases of SiUatcorms. Paeteur's Researches, 

It is admitted on all hands that some diseases are tha 

product of parasitio growth. Both in man and lower otoB' 
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tuxes, the existence of such diaeaBea baa been demonstrated. 
I am enabled to lay before jou an account of an epidemio 
of thia kind, thoroughly investigated and successfully com- 
batted by M. Pasteur, For iifteen years a plague had 
raged among the silk-worms of France. They had sickened 
and died in multitudes, while those that succeeded in spin- 
ning their cocoons furnished only a fraction of the normal 
quantity of silk. In 1853 the silk culture of France pro- 
duced a revenue of one hundred and thirty millions of 
francs. During the twenty previous years the revenue had 
doubled itself, and no doubt was entertained as to its future 
augmentation. The weight of the cocoons produced in 
1853 was twenty-six millions of kilogrammes ; in 1865 it 
had fallen to four millions, the fall entailing in the single 
year last mentioned a loss of one hundred millions of francs. 
The country chieSy smitten by this calamity happened 
to be that of the celebrated chemist, Dumas, now perpetual 
secretary of the French Academy of Sciences, He turned 
to his friend, colleague, and pupU, Pasteur, and besought 
him with an earnestness which the circumstances rendered 
almost personal, to undertake the investigation of the 
malady, Pasteur at this time had never seen a silk-worm, 
and he urged his inexperience in reply to his friend. But 
Dumas knew too well the qualities needed for such an in- 
quiry to accept Pasteur's reason for declining it, "Je 
mets," said he, " un prii estrfime tl voir votre attention 
Rsee sur la question qui int^reBse mon pauvre pays ; la 
misfire surpasse tout ce que vous pouvez imaginer," 
Pamphlets about the plague bad been showered upon the 
public, the monotony of waste-paper being broken at rare 
intervals by a more or less useful publication. " The 
Pharmacopceia of the Silk-worm," wrote M. Comalia in 
1860, "is now as complicated as that of tnao. Gases, 
liquids, add solids have been laid under contribution. 
From chlorine to sulphurous acid, from nitric acid to rum, 
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from augur to sulphate of quinine — all haa been invoked in 
Dehalf of this unliappy insect" The helpless cultivators, 
moreover, welcomed with ready trustfulness every new 
remedy, if only pressed upon them with sufEcient hardi- 
hood. It seemed impossible to diminish their blind confi- 
dence in their blind guides. In 1863 the French Minister 
of Agriculture himself signed an agreement to pay 500,000 
francs for the use of a remedy which its promoter declared 
to be infallible. It was tried in twelve different depart- 
ments of France, and found perfectly useless. In no single 
instance was it successful. It was under these circum- 
Btances that M. Pasteur, yielding to the entreaties of his 
friend, betook himself to Alais in the beginning of. June, 
1865. As regards silk husbandry, this was the most im- 
portant department in France, and it was also that which 
had been most sorely smitten by the epidemic. 

The silk-worm had been previously attacked by mua- 
eardine, a disease proved by Bassi to be caused by a vege- 
table parasite. Though not hereditary, tbis malady was 
propagated annually by the parasitic spores, which, wafted 
by winds, often sowed the disease in places far removed 
from the centre of infection. Muscardine is now said to 
be very rare ; but for the last fifteen or twenty years a 
deadlier malady has taken its place. A frequent outward 
sign of this new disease are the black spots which cover 
the silk-worms, hence the name pebrinc, first applied to 
the plague by M, de Quatrefages, and adopted by Pasteur. 
P6brine declares itself in the stunted and unequal growth 
of the worms, in the languor of their movements, in their 
fastidiousness as regards food, and in their premature 
death. The track of discovery as regards the epideniio 
IS this: In 1849 Guerin MSneville noticed in the blood 
of silk-worms vibratory corpuscles which he supposed to 
be endowed with independent life. Filippi proved him 
wrong, and showed that the motion of the corpuscles wu 
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the well-knowD Brownian motion. But FUippi himself 
committeii the error of eupposiug the corpuscles to be 
normal to the life of the insect. They are really the cause 
of its mortality — the form and substance of ita disease^ 
Tliis was well described by Cornalia ; while Lebert and 
Frey subsequently found the corpuscles not only in the 
blood, but in all tlae tissues of the insett. Osimo, in 1857, 
discovered them in the eggs, and on this observation Vitta- 
diani founded, in 1859, a practical method of distinguishing 
healthy frona diseased eggs. The test often proved falla- 
oiouB, aud it was never extensively applied. 

These corpuscles take possession of the intesiinal canal, 
and ^read thence throughout the body of the worm. 
They fill the silk cavities, the stricten insect often going 
tlirough the motions of spinning without any material to 
answer to the act. Its organs, instead of being filled with 
the clear viscous liquid of the silk, are packed to disten- 
tion by the corpuscles. On this feature of the plague Pas- 
teur fixed his entire attention. The cycle of the silk- 
worm's life is briefly this: From the fertile egg cotnes | 
the little worm, which grows, and casts its skin. This pro- I 
cess of moulting is repeated two or three times at subse- 
quent intervals during the life of the insect After the kst 
moulting the worm climbs the brambles placed to receive 
it, and spina among them its cocoon. It passes thus into 
a chrysalis ; the chrysalis becomes a moth, and the moth 
when liberated lays the eggs which form the start! ng-poiut 
of a new cycle. Now Pasteur proved that the plague-co> 
puscles might bo incipient in the egg, and escape detec- 
tion; they might also be germinal in the worm, and still 
bafile the microscope. But as the worm grows, tlie cor- 
puscles grow also, becoming larger and more defined. In 
the aged chrysalis they are more pronounced than in 
worm ; while in the moth, if either the egg or the worm 1 
from which it comes shotdd have been at all stricken, the j 
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no difficultj' of detect- 



tion. This was the first great point made out in 1865 by 
Pasteur. The Italian naturalists, as aforesaid, recom- 
mended the examination of the eggs before risking their 
incubation. Pasteur showed that both eggs and worms 
might be smitten and still pass muster, the culture of such 
eggs or such worms being sure to entail disaster. He made 
the moth his starting-point in seeking to regenerate the race, 
Pasteur made his tirst communication on this subject to 
the Academy of Sciences in September, 1865. It raised 
a cloud of criticism. Here, forsooth, was a chemist rashly 
quilting his proper metier and presuming to lay down the 
law for the physician and biologist on a subject whigh wns 
eminently theirs. " On trouva strange que je fusse fii pea 
au courant de la question ; on m^opposa des travaux qui 
avaient paru depuis longtemps en Italic, dont les rSsultats 
montraient I'inutilitfi de mes efforts, et I'impossibilitfi d'ar- 
river A un rfisultat pratique dans la direction que je m'dtaia 
engag6. Que mon ignorance fut grande au sujet deg re- 
cherehcs sans nombre qui avaient paru depuis quinze an- 
nfiea." Pasteur heard the buzz, but he continued his work. 
In choosing the eggs intended for incubation, the cultiva- 
tors selected those produced in the successful "educa- 
tions " of the year. But they could not understand the 
frequent and often disastrous failures of their selected 
eggs ; for they did not know, and nobody prior to Pasteur 
was competent to tell them, that the finest cocoons may 
envelope doomed corpusculous moths. It was not, how- 
ever, easy to make the cultivators accept new guidance. 
To strike their imagination, and if possible determine theii 
practice, Pasteur hit upon the expedient of prophecy. In 
1866 he inspected at St, HippoIyte-du-Fort fourteen differ- 
ent parcels of eggs intended for incubation, Havinjj ex.- 
imined a sufficient number of the moths which produced 
these eggs, he wrote out the prediction of what would oo 
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2ur ia 18(J7, and placed the prophecy as a sealed letter i 
the hands of the Mayor of St. Hippoljte. 

In 1867 the cultivators communicated to the mayor ' 
their results. The letter of Pasteur was then opened and 
read, and it was found that in twelve out of fourteen cases 
there was absolute conformity between his prediction and 
the observed facts. Many of the groups had perished to- 
tally; the others had perished almost totally; and this 
was the prediction of Pastern-. In two out of the fourteen 
cases, instead of the prophesied destruction, half an aver- 
age crop was obtained. Now, the parcels of eggs here re- 
ferred to were considered healthy by their owners. They 
had been hatched and tended in the firm hope that the la- 
bor expended on them would prove remunerative. The appli- 
cation of the moth-test for a few minutes in 1866 would 
have saved the labor and averted the disappointment Two 
additional parcels of eggs were at the same time submitted 
to Pasteur. He pronounced them healthy; and his words 
were verified by the production of an excellent crop. 
Other cases of prophecy still more remarkable, because 
more circumstantial, are recorded in Pasteur's work. J 

Pasteur subjected the development of the corpuscles to I 
a searching investigation. "With -admirable skill and com- 1 
pletenesa be examined the various modes by which the 
plague is propagated. He obtained perfectly healthy 
worms from moths perfectly free from corpuscles, and se- 
lecting from tbem 10, 90, 30, 50, as the case might be, he 
introduced into the worms the corpusculous matter. It was 
first permitted to accompany the food. Let us take a sin- 
gle example out of many. Rubbing up a small corpuscu- 
lous worm in water, he smeared the mixture over the mul- 
berry-leaves. Assuring himself that the leaves bad been 
eaten, ho watched the consequences from day to day. Side 
by Hide with the infected worms he reared their fellows, 1 
keeping them as much as possible out of the way of infeo- 1 
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tion. These constituted hia "lot temoig^," bis standard of 
conipariBon. On tlie IGth of April, 1868, he thus infected 
thirty worms. Up to the 23d they remained quite well. 
On the SSlli they seemed Well, but oa that day corpusclea 
were found in the intestines of two of them. They first 
form in the tunic of the intestine. On the 27th, or eleven 
days after the infected repast, two fresh worms were exam- 
ined, and not only was the intestinal canal found in each 
case invaded, but the silk-organ itself was found charged 
with corpuscles. On the 28tfa, the twenty-six remaining 
worms were covered by the black spots of pSbrine. On the 
30th, the difference of size between the infected and non- 
infected worms was very striking, the sick worms being not 
more than two-thirds of the size of the healthy ones. On 
the 2d of May, a worm which had just finished its fourth 
moulting was examined. Its whole body was so filled with 
corpuscles as to excite astonishment that it could live. 
The disease advanced, the worms died and were examined, 
and on the 11th of May only six out of the thirty remained. 
They were the strongest of tiie lot, but, on being searched, 
they also were found charged widi corpuscles. Not one of 
the thirty worms had escaped ; a single corpusculous meal 
had poisoned them all. The standard lot, on the contrary, 
spun their fine coooons, and two only of their motha were 
found to contain any trace of corpuscles, which had, doubt- 
less, been introduced during the rearing of the worms. 

Ab his acquaintance with the subject increased, Pas- 
teur's desire for precision augmented, and he finally g^vea 
the growing number of corpuscles seen in the field of hia 
microscope from day to day. After a contagious repast, 
the number of worms containing the parasite, gradually 
augmented until finally it became cent, per cent. The 
number of corpuscles would at the same time rise from to 
1, to 10, to 100, and sometimes even to 1,000 or 1,500 for b 
siQgle field of hia microscope. He then varied the mode 



£04 ITtAGSiESTS OF SCIEXCE. 

of infection. He inoculated healthy worms with the cor- ■ 
pusculoua matter, end watched the consequent growth of 
the disease. He showed how the worms inoculate eacb 
other hv the infliction of visible wounds with their clawa. 
In various cases he washed the claws, and found corpuscles 
in the water. He demonstrated the spread of infection by 
the simple association of healthy and diseased worms. The 
diseased worms sullied the leaves by their dejeclions, they 
also used their claws, and spread infection in both ways. 
It was no hypothetical infected medium that killed the 
worms, but a definitely-organized and isolated thing. He 
examined the question of contagion at a distance, and de- 
monstrated its existence. In fact, as might be expected 
from Pasteur's antecedents, the investigation was exhaus- 
tive, the skill and beauty o£ his manipulation finding fitting 
correlatives in the strength and clearness of his thought. 

The following quotation from Pasteur's work clearly 
shows the relation ia which his researches stand to thin ] 
great question : I 

" Place," he sajs, " tbe most Bkilful cducalor, even the mosl eipert 
micrescopist, ia preseace of large eiJucationg nblth present tbe Eymp- 
ximB described in our experimentB ; hie judgment will neeeaBarlly be er- 
cDDeoas if he conEnea hiniBelf to the knowledge wljieh preeedeil my re- 
learohes. The Borma will not present to him the siighteaC spot of 
pfibcine ; the microscope will not reveal the oiietence of corpuscles ; the 
mortality of iLe wonoB will be null or inaigniflcant ; and the cocoouf 
leave nothing to be desired. Our observef would, therefore, conclude 
without hesitation that the eggs produced will bo good for Incubation. 
The truth is, on the contrary, that all the worms of these fine cropa ha.Te J 
been poisoned ; Ihnt, from the beginning, Ibey carried in them the genu 
of the malady ; ready to multiply itself beyond measure in the chrjs** 
IJdcB and the moths, thence t« pass into the eggs and smite with Bterilitj 
the ncil generation. And what is the first cauaj of the evil concealed 
under bo deceitful an citerior ? In our eiperiroents we can, bo to speak, 
loueh it with our fingers. It is entirely the effect of a single corpuBcn- 
loua repast { an effect more or leBS protnpt according to tbe epoch of lift 
of (he worm 'hat bas eaten the poisoned food," 
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Pasteur describes in detail his metiiod of eecuring 
licaltby eg'gs, which is nothing less than a mode of restor- 
ing to France her ancient prosperity in silk husbandry. 
And the justification of his work ia to be found in the re- 
ports which reached him of the application, and the unpar- 
alleled success of his method, at the time ho was putting 
his researches together for final publication. In France 
and Italy his method has been pursued with the moat sur- 
prising results. It was an up-hill fight which led to this 
triumph, but opposition stimulated Pasteur, and thus, with- 
out meaning it, did good service, " Ever," he says, " since 
the commencement of those researches, I have been ex- 
posed to the most obstinate and unjust contradictions; but 
I have made it a duty to leave no trace of these contests in 
this boot." And, in reference to parasitic diseases, he uses 
the following weighty words: " II est au pouvoir derhomme 
de faire disparaltre de la surface du globe les maladies par- 
asitaires, si, comme c'est ma conviction, la doctrine des g6ii6- 
rationa epontanfies est une chimfere." 

Pasteur dwells upon the ease with which an island Uke 
Corsica might be absolutely isolated from the sUk-worm 
epidemic. And, with regard to other epidemics, Mr. Simon 
describes the extraordinaiy exemption of the Scilly Isles for 
the ten years extending from 1851 to 1860. Of the 637 
registration districts of England, one only had an entire es- 
cape from diseases which, in whole or in part, were preva- 
lent in all the others : " In all the ten years it had not a 
single death by measles, nor a single death by small-pox, 
nor a single death by scarlet fever. And why ? Not be- 
cause of its general sanitary merits, for it had an average 
amount of other evidence of unhealthiness. Doubtless, the 
reason of its escape was that it was iusular. It was the 
dUtricl of the ScUly Ides ; to which it was most improb- 
ible that any febrile contagion should come from without. 
And its escape is an approximative proof that, at least for 
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those ten years, no contagium of measles, nor any cootagiu m 
of scarlet fever, oor any contagium of small-pos, had arisen 
spontaneously within its limits," It may be added that 
there were only seven districts in England in which no 
death from diphtheria occurred, and that, of those seven 
districts, the district of the Scilly Isles was one. 

A second parasitic disease of silk-wonas, called in France 
laflacJierie, coexistent with pfibrine but quite distinct ixora i 
it, has also been investigated. Enough, however, has fc 
said to send such of you as are interested in these questions! 
to the original volumes for further information. To oneJ 
important practical point ML Pasteur, in a letter written tol 
me, directs attention : 

"Permotlez-moi da tenoinec cea quelques lignes que je dois dict«r,il 
Tuiocu que je suie par k nmUdie, en voub faiauit observer que vi 
reodriez aerrioe aux Goloniea de la Grejide-Bretagne en rSpandBiit I«V 
connaiHBanoe de ce livre,etde3 principesqne j'fitabliHtoncliiuit lamakataJ 
des vera k soie. Beaucoup de cea colomes pourraieDl cultiver Is mfirlaifl 
avec Gucc^a, et enjetitntlea yeu£ snrinoD ouvragc rous voua con< 
aiafiment qu'il est facile aujourd'hui, non-senlement d'^loigner la nialadtafl 
r^gnante, auiis en outre de donncr nux rfcottes de la eoie uoe prospAritA'V 
qa'eQes u'oat jamaiB eae." 

Origin and Propagation of Contagious Matter. 

Prior to Pasteur, the most diverse and contradictory I 
opinions were entertained as to the contagious character of i 
pfibrine ; some stoutly affirmed it, others as stoutly denied 
it. But on one point all were agreed. "They believed in 
the existence of a deleterious medium, rendered epidemic 
by some occult and mysterious influence, to which was at- 
tributed the cause of the disease." Those acquainted with 
medical literature will not fail to observe an instructive 
analogy here. We have on the one aide accomplished 
writers ascribing epidemic diseases to " deleterious media," 
which arise spontaneously in crowded hospitals and over 
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ill-smelling drains. Accordiog to tbem the matter of epi- 
demic disease is formed de novo in a putrescent atmosphere. 
On the other side we have writers, clear, vigorous, with 
.well-defined ideas and methods of research, contendiag that 
the matter which prodncea epidemic disease comes alwajB 
frora a parent-stock. It behaves as germinal matter, and 
they do not hesitate to regard it as such. They no more 
beheve in the spontaneous generation of such diseases than 
they do in the spontaneous generation of mice. Pasteur, 
for example, found that pfibrine had been known for an in- 
definite time as a disease among silk-worms. The develop- 
ment of it which he combated was merely the espansion of 
an already existing power, the bursting into open confla- 
gration of & previously smouldering fire. There is nothing 
surprising in this; for though epidemic disease requires a 
special contagium to produce it, surrounding conditions 
must have a potent influence on its development. Common 
seeds may he duly sown, but the conditions of temperature 
and moisture may be such as to restrict or altogether pre- 
vent the subsequent growth. Looked at, therefore, from 
the point of view of the germ-theory, the exceptional energy 
which epidemic disease from time to time exhihita is not 
out of harmony with the method of Nature. You some- 
times hear tUphlheria spoken of as if it were a new disease 
of the last twenty years ; but Mr. Simon tells me that from 
about three centimes ago, when tremendous epidemics of it 
began to rage in Spain (where it was named Garrolillo), 
and soon afterward in Italy, the disease has been well 
known to all successive generations of doctors ; and that, 
for instance, in or about 1758, Dr. Starr, of Liskeard, in a 
communication to the Royal Society, particularly described 
the disease, with all the characters which have recently 
again become famiUar, but under the name of morbvs stran- 
p«/a(ortMs, as then severely epidemic in Cornwall; a fact 
the more interestiog as diphtheria, in its more inodcni re- 
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ftppearance, again showed predilection for that remote 
county. Many also believe that tlie black death, of five 
centuries ago has disappeared as mysteriously as it came, 
but Mr. Simon finds that it is believed to be prevaleat at 
this hour in some of the northwestern parts of India. 

Let me here state an item of my own experience. When 
I was at the Bel Alp last year the clergyman appointed to 
that station received letters iofonmng him of the breaking 
out of scarlet fever among Ida chOdren. He lived, if I re- 
member rightly, on the healthful eminence of Dartmoor, 
and it was difficult to imagine bow scarlet fever could have 
been wafted to the place. A drain ran close to his house, 
and on it his suspicions were manifestly fixed. Some oi 
our medical writers would fortify him in this notion, ^vhile 
those of another school would deny to a drain, however 
foul, the power of producing a specific disease. After close 
inquiry, he recollected that a hobby-horse had been used 
both by his boy and another that a short time previously 
had passed through scarlet fever. Drains and cesspools 
are by no means in such evil odor as they used to be. A 
fetid Thames and a low death-rate occur from time to time 
together in Iiondon. For, if the special matter or germs of 
epidemic disorder be not present, a corrupt atmosphere, 
however obnoxious otherwise, will not produce the disorder. 
Corrupted air may promote an epidemic, but cannot origi- 
nate it. On the other hand, through the transport of the 
special germ or virus, disease may develop itself in regions 
where the drainage is good and the atmosphere pure. 

If you see a new thistle growing in your field you feel 
sure that its seed has been wafted thither. Just as sure 
Joes it seem that the contagious matter of scarlatina, or 
any other contagious fever, has been transplanted to the 
place where it newly appears. With a clearness and con- 
clusiveness not to be surpassed Dr. William Budd baa 
traced such diseases from place to place; showing how 
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ihey plant themselves at distinct foci among populations 
subjected to tbe same atmospheric influences, just as grains 
of com might be carried in the pocket and sown. HUde- 
brand, to whose remarkable work, Du Typhus Contaffieux, 
Dr. de Mussy has directed my attention, gives the following 
Btriiing case, both of the durability and the transport of 
the virus of scarlatina : "Un habit noir que j'avais en visi- 
tant une malade attaqufie de scarlatine, ct que je porta! de 
Vienne de Podolie, sans I'avoix mia depuis plus d'un an et 
denii, me coiziranuiqna, dSs que je fus arriv-6, cette maladie 
contegieuse, que je r6pandis ensuite dans cette province, otl 
elle fitait jusqu'alors presqne inconnue." Some years ago 
Dr. de Mussy himself was summoned to a country-house in 
Surrey to see a young lady who was suffering from a dropsy, 
evidently the consequence of scarlatina. The originaj dis- 
ease being of a very mild character had been quite over- 
looked, but circumstances were recorded which could leave 
no doubt upon the mind as to the nature and cause of the 
complaint. But then the questiou aj^se, how did the young 
lady catch the scarlatina? She had come there on a visit 
two months previously, and it was only after she had been 
a month in the house that she was taken ill. The house- 
keeper at once cleared up the mystery. The young lady 
on her arrival had esprcssed a particular wish to occupy a 
nice room in an isolated tower, and in that room six months 
previously a visitor had been confined with an attack of 
scarlatina. The room had been swept and whitewashed, 
but the carpets had been permitted to remain. 

Thousands of cases could probably be cited in which 
the disease has sbown itself in this mysterious way, but 
where a strict examination has revealed its true parentage 
and extraction. Is it then philosophical to take refuge in 
the fortuitous concourse of atoms as a cause of specific dis- 
ease, merely because In special cases the parentage may bo 
indistinct? Those best acquainted with atomic Nature, 
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and who are most ready to admit, aa regards even higher I 
things thaa this, the potentialities of matter, will be tho I 
last to accept these rash hypotheses. 

The Germ-Theory applied to 

Not only medical but surgical science b now sj^ekin^ ' 
tight and guidance from tliis germ-theory. Upon it the 
antiseptic system of Professor Lister, of Edinburgh, is 
founded j and if the facts be correctly given, the resultA 
are extraordinary. As already stated, the germ-theoiy of 
putreiaction was started by Schwann, but the illustrations 
of this theory adduced by Professor Lister are of such pub- 
lic moment as not only to justify, but to render imperative, 
their introduction here : j 

Scliwanii'B observations, sajs FrofeSEor Lister, did not receive the 
attention wbi<:h thej appear to me to bare deserved. Tho fermentation 
of eugar waa generallj nllowed to be occasioned b j the lorata cerevuia ; 
but it was not admitted tliat putrefaction ivaa due to an analogouB 
agency. And jet the two cases present a Tcty strildDg panJleL In 
each a stable chemical compound, sugar in the one case, albumen In the 
other, undergoes citraordinary ehemical changes under the infltiGnce of 
an escessivelj minute quantity of a substance which, regarded chemi- 
callj, we should suppose inert. As au eiauiple of this in the case of 
putrefaction, let us take a circumstance ol^cn witnessed in the treatment 
of large chronic abscesses. In order to guard against the access of at- 
mospheric air, ne used to draw off tbe matter by means of a canula and 
trocar, such aa yon aee here, consisting of a silver tube with a «h&rp- 
pointed Btcel rod fitted into it, and projecting beyond it. The imtrn- 
ment, dipped in oil, was thrust into the cavity of the abscess, the trocar 
was withdrawn, and the pus Qowed oat through the canula, care being 
taken by gentle pressure over the part to prevent the possibility of 
Kgui^italion. The canula iras then draivn oat with due prevautiou 
igainst tbe rcQui of ait. This method was frequently suuccsaful as to 
Its immediate object, tbe patient being relieved from the mass of tbe ao- 
lumulated fluid, and eiperlenoing no inconvenience from tbe operation. 
Gut tbe pus waa pretty certain to rcaccumuhite in course of time, and it 
became necessary again and agaia to repeat the process. And unhappily 
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Ibero waa no absolute secarity of immuDity from bad conseiiuenccs. 
Honever carefullj the procedure vns conducted, it sometiiaes happened, 
eren though the puaoture seemed healing by first intention, that feveriah 
Bymptoms declared themselves in the course of the first or second day, 
and, on inspecting the aeat of the abscess, the akin was, perhaps, seen to 
be red, impljiug the presence of some cause of irritation, while a rapid 
reaccomnlation of the fluid iraa found to liaye occurred. Under these 
ciccumstajices, it became necessary to open the abscess by free incision, 
vhea a quantity, large in proportion to the size of thp abacesa, say, for 
eiample, a quart, of pua escaped, fetid from putrefaction. Kow, how 
had thia change been bronght about? Without the germ-theory, I 
venture to say, no rational explanation of it could have been given. It 
must have been caused by the iutrodiiction of something from without. 
InSammation of the punctured wouni], even supposing it to have oc- 
curred, would net eiplain the phenomenon. For mere infianimation, 
whether acute or chronic, though it occasions the fonnatiau of pus, does 
not induce putrefactioo. The pus originally evacuated was. perfectly 
sweet, and weksow of nothing to account for the alteration in its quality 
but the influence of something derived from tlie eitemal world. And 
what cQuId that something be F The dipping of the instrument in oil, 
and the subsequent precautions, prevented the entrance of oxygen. Or 
:ven if you allowed that a few atoms of ttie gas did enter, it would bo 
.n eitraordinary assumption to make that these could in so short a time 
effect such changes in so large a mass of albuminoua material. Besides, 
the pyogenic membrane is abundantly supplied with capillary vessels, 
throngh which arterial blood, rich in oxygen, is perpetually flowing; 
and there can be little doubt that the pus, before it was evacuated at 
all, was liable to any action which the element might be disposed to 

On the oxygen-theory, then, the occurrence of putrefaction under 
Ihese circumstances ia quite ineipllcable. But if you adroit the germ- 
theory, the difficulty vanishes at once. The canula and trocar having 
been lying eiposcd to the air, dust will have been deposited upon them, 
and will be present in the angle between the trocar and the silver tube, 

I and in that protected situation will fail to be wiped olTwhen the instru- 
ment is thrust through the tiasuea. Thus when the trocar ia withdrawri, 
some portiona of this dust will naturally remain upon the margm of the 
canula, which is left projecting into the abscess, and nothing is more 
likely than that some particles may fail to bo washed olT by the stream 
nf out-Sowing pus, but may be dislodged when the tube Is taken out, 
«nd left behind in the cav'ty. The germ-theory tells us that these par 
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licleB of iluBt will be pretty 
I if one Buch 



lo contain the germs of putrefac 
left in the ulbumiuQUB liquid, it 
ripidl; develop at the high texnpemtare of the body, and account 
nU the pbenomeoa. 

Bat striking as is the paniUcl between putrefaction in this bjBta, 
anJ the vinoua fenneiitation, as regards the greatness of the effort pi 
diiccd, compared with the miouteDcss and the inertness, chemical 
cpfnUing, of the cnuse, you irill naturally desire further e^ideaoa of 
Bhnilarity of the two processes. Too can see with the roicroeeopo 
torula of fenDcuthig must or beer. Is there, you may ask, any arganism 
to be detected in the putrefying pus ? Yes, gentlomcn, there is. If aoj 
drop of the putrid matter is examined with a. good gla,ss, it is found to 
be teeming with myriads of minute jointed bodies, cnlled vihrioB, which 
indubitably prochum their vitality by the eaergy of their movements. 
U not &□ aSair of probability, but a fact, that the entire ma 
quart of pus h&s bccouie peopled with living organisma as tha remit 0^" 
the introduction of the canuLi and trocar ; for the matter first let oat 
was tta free from yibrios as it was from putrefaction. If this he BO, 
the greatness of the chemical changes that have taken place 
oeases to be surprising. We know that it Is one of the chief pecoUari- 
ties of living atruclures that they possess eitraordinarj powers of effaot- 
ing chemical changes in materials In their vicinity, out of ali proporti 
to their energy as mere ehemieal compounds. And we can hardly doubt 
that the animalcules which have been developed in the albuminous liquid, 
and have grown at its eipense, must bavo altered its conslitution, just 
as we ourselves alter that of the materinla on which we feed.' 

Secured Trom llie danger of putrefaction, it is amazing 
liow, under tlie hands of a really able surgeon, the human^ 
flesh and bones may be cut, torn, and crunched with im- 
punity. The accounts of the operations of our eminent 
Burgeons read like romance. On this, however, I must not 
dwell further than to recommend to your attention a case 
described in the Jiritish Medical Journal for the 14th of 
January last. In the operations of Professor Lister care 
is taken that every portion of tissue laid bare by the knife 
fihall be defended from germs; that if they fall upon the 
woimd they shall be killed as they fall. With this in view 
' Introductory Lecture before the University of Edinburgh. 
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he sboivers upoa his exposed surfaces the spray of diluted 
carbolic acid, which is particularly deadly to the germs, 
and he surrounds the wound in the most careful manner 
with antiseptic bandages. To those accustomed to strict 
experiment it is manifest that we have a strict experimenter 
here — a man with a perfectly distinct object in view, which 
he pursues with never-tiring patience and unwavering faith. 
And the result, in his hospital practice, as described by him- 
self, has been, that even in the midst of abominations too 
Bhocking' to be mentioned here, and in the neighborhood 
of wards where death was rampant from pyemia, erysipe- 
las, and hospital gangrene, he was able to keep his patients 
absolutely free from these terrible scourges. Let me here 
recommend to your attention Professor Lister's "Intro- 
ductory Lecture before the University of Edinburgh," which 
I have already quoted; his paper on "The Effect of the 
Antiseptic System of Treatment on the Salubrity of a Sur- 
gical Hospital ; " and the article in the Sritish Medical 
Journal, to which I have just referred. 

If, instead of using carbolic-acid spray, he could sur- 
round his wounds with properly-filtered air, the result 
would, he contends, be the same. In a room where the 
germs not only float but cling to clothes and walls, this 
would be difScult if not impossible. But surgery is ac- 
quainted with a class of wounds in which the blood is freely 
mixed with air that has passed through the lungs, and it is a. 
most remarkable fact that such air does not produce putre- 
faction. Professor Lister, as far as I know, was the first to 
give a philosophical interpretation of tliia fact, which he 
decribes and comments upon thus: 

I bare eiptuinei! to my ovia mind tha remarkable fact that in simple 
ftnotare of Ihe ciba, if the tung be punctured bj a fragment, tlie blood 
fPUacd Into the plonral cavity, thongh freely miied with air, undergoes 
no decompoaltion. The air is sometioiCS pumped into the pleuml ca»itj 
b) ■uch nbundancc that, making its way tiirough tlic nouud in the pleura 
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eostalis, it inflates the cullular tissue of thi? whole bod;. Yet tUis ocoa- 
lions DO alarm to the surgeon {although if the blood in the pleura were lo 
putrefy, it wDuld infalhblj occasion daogeroua BnppuratiTe pleurisj). 
Why itir introduced into the pleural cavity through a wounded lung 
should hare such wholly diOercDt eETucts from that entering direcllj 
through a wound in the chest was lo mo a complete mystery until I heard 
of the genn-theory of putrefaction, when it at once occurred to me that 
it was only natural, that air should be filtered of germs by the air-pas- 
■ages, one of whose offices ia to arrest inhaled particles of dust, and pro- 
vent them from enteiitig the air-cells. 

I sliall have occasion to refer to this remarkable hy- 
pothesis further on. 

The advocates of the gerra-thcory, both of putrefaction 
and epidemic disease, hold that both arise, not irom the air, 
but from something contained in the air. They hold, more- 
over, that " something " to be not a vapor nor a foreign 
gas, nor indeed a molecule of any kind, but a paHide.' 
The term " particulate " has been used in the Eeports of 
the Medical Department of the Privy CouncU to describe 
this supposed constitution of contagious matter ; and Dr. 
Sanderson's experiments render it in the highest degree 
probable, if they do not actually demonstrate, that the vims 
of small-pox is " particulate." Definite knowledge upon 
this point is of exceeding importance, because in the treat- 
ment of particles methods are available which it ivould bo 
futile to apply to molecules. 



Applicatio}i of Luminous JBeams to researc/iea of t/iis 

nature. 

My own interference with this great question, whifo 

Banctioned by eminent names, has been also an object of 

Aa regards eize, there is probably no sharp Hne of diTidon bctwetn 

molecules and particles; the one gradually shades into the other. But 

the distinction that I would draw is this; the atom or the molecule, If 

bse, is always part of a gas, the particle is never so. A particle is a bit 

of liquid or solid matter fonoed by the aggregation of atoms or molecules. 
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taried and ingenious attack. On this point I will only say 
that when feeling escapes from bebind the intellect, where 
it ia a useful urging force, and places itself in front of ^he 
intellect, it is liable to produce glamour and all manner 
of delusions. Thus my censors, for the most part, have lev- 
elled their remarks against positions which I never assumed, 
and against claims ■which I never made. The simple his- 
tory of the matter ia this : Ihmng the autumn of 1868 I 
■was much occupied with the observations referred to at the 
beginning of this discourse. For fifteen years I had ha- 
bitually employed the electric light, maldng use of the 
floating dust to reveal the paths of luminous beams ; but 
until 18C8, when I was driven to it, I did not inlontionally 
reverse the process and employ a luminous beam to reveal 
and examine the dust. In a paper presented to the Royal 
Society in December, 18G9, 1 thus described the observa- 
tions which induced me to give more special attention to 
the question of spontaneous generation and the germ- 
theory of epidemic disease. 

The Floating Matter of the Air. 

Prior lo the discovery of the foregoing iietion (the chemical actLon of 
light upon vapors), aud also during the eiperimcota juet referred Xo, the 
nature of tay vork cotupeHed me to aim sC obtaining eiperlmental tubes 
■bsoliitelj clean upgn the surface, and absolutely empty within. Neither 
cotdition is, however, easily attained. 

For however well the tubes might be washed and polished, and how- 
ever bright and jiara they might appear in ordinary daylight, tho olcotric 
beam infallibly revealed Bign9 and tokens of dirt. The air was ilwaya 
preflent, and It was Bure to deposit Bome unpuritj. All chemical pro. 
cesses, not conducted in a vacuum, are open to this disturbance. When 
the eiperlmGutal tube waa exhausted it exhibited no trace of fioatiDg 
nutter, but on admitting the air through the U-tubes containing oaustla 
potash and Bulpburic acid, a dadi-ayw more or less distinct was alwajH re- 
vealed by the powerfully-condensed electric beam. 

The floating motea reacmblod minute particles of liquid which had 
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been cBiried roechKnically into the oxpciimenlal tube. Precautions were 
tLereforo taken to preTenl anjsuch tramfer. Thej produced little of bo 
mJltgaCioD. I did not imagine at the time that tbe 'dust of the external 
tic could find such free paagage througli the CRUstic potaah and the sul- 
phuric-aeid tubes. But the moles rcallf cams l>om without. Tbej also 
passed with freedom through a TSrielj of ethers and alcohols. In fact, 
It requires long^jontiuued action on the part of an acid first to vet the 
notes and aflernard to dostroj tbem. Bj carffullj passing the air 
thnragh Ihe flame of a spu-it-hitiip or through a platbum lube heated to 
bright redness, the floating matter was aensiblj deetrojed. It was thcre- 
fore combustible, in other words, organic matter. I tried to intercept it 
bv a large respirator of cottoQ-wooI. Close pressure was oecessary to 
render the wool elTectivo, A plug of the wool rammed prettj tightly into 
the tube through which the air parsed was finally found competent to 
hold back the motes. They appeared from tinie to time afterward and 
gave me much trouble; hut they were in variably traced in tbe end to 
some defect in the purifying apparatus — to some crack or flnv in the 
aeaiing-wBi employed to render the tubes air-tight. Thus through proper 
caie, but not without a great deal of eearcbing ont of dialnrbauces, the 
eiperimen'al tube, even when filled with pure air or vapor, contsinH 
nothing competent to scatter tha li);ht, The space within it has the as- 
pect of an absolute vacuum. 

An eiperimenta! tube in this condition I call epIieaHy anply. 

The simple apparatus employed in these esperimonts will be at once 
understood by reference to tbe figure on page 307. S S' is the glaas ex- 
periments! tube which has Taried in length from 1 to B feet, and which may 
bo from 2 to 3 inches in diameter. From the end S Ihe pipe pp' pasaea to 
nn air-pump. Connected with the other end S' we have the flask F, con- 
taining the liquid whose vapor is to be examined ; then follows K U-tube, 
T, filled with fragments of clean glass wetted with sulphuric add; then 
a second U-tube, T', containing fragments of marble wetted with caustic 
potash; and finally a narrow straight tube, ( (', containing a tolerably 
ligbtly-fittmg plug of cotton-wDoL To save the air-pump gauge from ths 
attack of such vapors as act oo mercury, as also to facilitate ob3erv*> 
tion, a separate barometer tube was employed. 

Through the eorkwhichslops the flask F two glass tubes, a and 6, pass 
air tight. The tube a ends immediately under the cork ; the tnbe 6, on 
the contrary, descends to the bottom of the fiask and dips into the liquid. 
The end of the tube b is drawn out so as to render very small tbe orifioa 
through which the air escapes into the liquid. 

The experimental tube S S' being exhausted, a cock at the end S' it 
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oarefullj taraed on. Tbe &ir pusses elonlj through the cotton-n'ool, the 
onustlc potaEh, and the ^ulphniic acid in sacceeaiOD. Tiiua purified it 
enters tbe flusk F ai.d bubbles through the liquid. Chst^ed nith rapor 
It fiuaJl; passes into the Gipcritnentul tube, irhere it is subniitteil to ei- 
amiaatlon. The electric lamp L placed at the end of the ciperioieDlal 
tube fumiahcd the neccssaj^ beum. 

Wanting- the cotton-wool the floating matter of the air 
ran the gantlet of this system. The fact thus forced upon 
my attention bad a bearing too obvious to bo overlookei 
It rendered at once evident to the senses why air filtered 
through cotton-wool is incompetent to generate animalcular 
life. The air is rendered by this treatnaCBt optically pure ; 
in other words, freed from all floating matter, germs in 
eluded. But the observations also revealed the great 
liability to error in experiments of tbis nature. They 
showed that without an amount of care which was hardly 
to be expected in all cases, error would be inevitable. It 
was especially manifest that the chemical method of 
Schidtue might lead to the most erroneous consequences ; 
that neither acids nor alkalies bad the power of rapid 
destruction which they had been supposed to possess. In 
short, the employment of the luminous beam rendered 
evident the cause of success in experiments rigidly con- 
ducted like those of Pasteur ; while it made equally evident 
the certainty of failure in experiments less severely and less 
skilfully carried out. 

Dr. BenneWa Eeperimeiiis, 
Talce, for example, tbe well-con ccived experiments of 
Dr. Hughes Bennett, described before the Eoyal Society 
of Surgeons in Edinburgh, on January 17, 1868.' Into 
flasks containing decoctions of liquorice-root, hay, or tea. 
Dr. Bennett, by an ingenious method, forced air. The aii 
was driven through two U-tubes, the one containing a BprJ 

■ Briiiih Jtedicai Journal, IS, pt it ISSB. 
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ution of caustic potash, the other sulphuiic acid. " All the 
bent tubes," says Dr. Bennett, " were filled with fragments 
of pumice-stone to break up the air, so as to prevent the 
possibility of any germs passing through in the centre of 
bubbles." The air also passed through a Liebig's bulb 
containiog sulphuric acid, and also through a bulb contain- 
ing gun-cotton. 

It was only natural for Dr. Bennett to believe that hia 
bent tubes entirely cut off the germs. Previous to the 
observations just referred to I also believed in their compe- 
tence to do this. But these observations destroy any such 
notion. Tiie gun-cotton, moreover, will fail to arrest the 
whole of the floating matter unless it is tightly packed, 
and there is no indiciition in Dr, Bennett's memoir that it 
was so packed. On the whole, I should infer fi'om the 
mere inspection of the apparatus the very results which 
Dr. Bennett has described — a ret-ardation of the develop- 
ment of life, a total absence of it in some cases, and its 
presence in others. 

In his first series of experiments eight flasks were fed 
with his sifted air, and five with common air. In ten or 
twelve days all the five had fungi in them ; while it re- 
quired fi'om four to nine months to develop fungi in the* 
others. In one case, moreover, even after this interval, no 
fungi appeared. In a second series of experiments there 
^as a similar exception. In a third series of experiments 
he abandoned the cork stoppers used in the first and second 
sexies, and employed glass stoppers. Flasks containing 
("ecoctions of tea, beef, and hay, were filled with common 
air, and other flasks with sifted air. In every one of the 
form'^r fungi appeared, and in not one of the latter. These 
experiments simply ruin the doctrine that Dr. Bennett 
finally espouses. 

In all these cases the prepared air was forced into the 
infusion when it was boiling hot. Dr. Bennett made a 
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fourth scries of esperimenta, in wliich, previous to forcing 
ill the air, he permitted tiie flasks to cool. Into four bottles 
thus treated he forced prepared air, and after a time found 
fuugi in all of them. What is Lis concliision ? Not that 
the boiling hot hquid employed in his first experiments had 
destroyed such germs as had ruu the gantlet of his ap- 
paratus ; but that air which, previous to being sealed up, 
bad been exposed to a temperature of 313° is too rare to 
support life. This conclusion is so remarkable that it ought 
to be stated in Dr. Bennett's ov-m words: "It may be 
easily conceived that air subjected to a boiling temperature 
is so expanded as scarcely to merit the name of air, 
that it is more or less imfit for the purpose of austaii 
animal or vegetable life." 

Now numerical data arc attainable here, and, as 
matter of fact, I live and flourish for a considerable portion 
of each year in air of less density than that which Dr. 
Bennett describes as scarcely meriting the name of air; 
the Swiss men, women, children, flocks, herds, tadpoli 
grasshoppers, flowers, and grasses, do the same, while the 
chamois rears its kids in air rarer still. 

In a fifth series of experiments sixteen bottles werej 
t fJled with infusions. Into four of them, while cold, 
dinary unheated and unsifted air was pumped. In th< 
four bottles fungi were developed. Into four other bottli 
containing a boiling inftision, ordinary air was also pum] 
— no fungi were here developed. Into four other bottles 
containing an eifusion which liad been boOed and permitted 
to cool, sifted air was pumped — no fungi were developed. 
Finally, into four bottles containing a boihng infusion, 
Bifted air was pumped- — no fungi were developed. Only, 
therefore, in the four cases where the infusions were cold 
infusions, and the air ordinary air, did fungi appear. 

Dr. Bennett does not draw from these esperimenta i^i 
conclusion to which they so obviously point. On them, 
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tlio contrary, their author foundB a defence of tlie doctrine 
of spontaneous generation, and a general theory of sponta- 
neous development. So strongly was he irapresaed witU 
the idea that the gcrma could not possibly pass through his 
potash and sulphuric-acid tubes, that the appearance of 
fungi, even in a small minority of cases, where the air had 
been sent through these tubes, was to him conclusive evi- 
dence of the spontaneous origin of such fungi. And he 
accounts for the absence of life in many of his experi- 
ments by resorting to an hypothesis which will not bear 
a moment's consideration. But now that we know that 
organio particles may pass unscathed through alkalies and 
acids, the experiments of Dr. Bennett are precisely what 
ouglit, under the circumstances, to be ejected. Indeed, 
their harmony, with the conditions now revealed, is a proof 
of the honesty and accuracy with which they were executed. 
On another point also the luminous beam will cast a 
light. Pasteur opened flasks upon the Mer de Glace, and, 
being careful not to come between the wind and hia flasks, 
found the air incompetent, in the great majority of oases, 
to generate life. M, Pouchet repeated Pasteur's experiment 
in the Pyrenees, adding the precaution of holding the flasks, 
when they were opened, above his head. The luminous 
beam at once shows us the effect of this additional precau- 
tion. Let smoking brown paper be placed at the operi 
mouth of a glass shade so that the smoke shall ascend and 
hlL the shade, A beam sent through the shade forms a 
bright track through the smoke, When the closed fist is 
placed underneath the shade, a vertical wind of surprising 
violence, considering the small elevation of temperature, 
rises from the hand, displacing by comparatively dark air 
the illuminated smoke. Such a wind infallibly rose &om 
M. Pouchet'a body as he held his flasks above his head, and 
thus the precaution of Pasteur of not coming between the 
wind and the flask was annulled. 
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Again, ill order to utterly destroy all germs M, Pouchel' 
produced water from the combustion of hydrogen in 
but even in this water he found organisms. Had he seen, 
however, as you have, the manner in which the air is clouded 
with floating matter, would he have concluded that the 
deportment of water which had been permitted, to trickle 
through such air could have the least influence in deciding 
this great question ? I think not. Here is a quantity of 
water produced and collected by allowing a bydrogea-flame 
to play upon the polished bottom of a silver basio, in which 
ice had been placed. This water is clear in the common 
light; but in the condensed electric beam it is seen 
laden with particles, SO thick-strewn and minute, as to 
diice a continuous cone of light. In passing through 
air the water loaded itself with this matter, and doul 
became charged with incipient life. 

Let me now draw your attention to another esperimenfc 
of Pasteur. He prepared twenty-one flasks, each contain- 
ing a decoction of yeast, filtered and clear. He boiled the 
decoction, so as to destroy whatever germs it might contain, 
and while the space above the liquid was filled with pure 
steam he sealed his flasks with a blow-pipe. lie opened ten 
of them in the deep, damp caves of the Paris Observatory, 
and eleven of them in the court-yard of the establisbment 
Of the former, one only showed signs of life subsequently. 
In nine out of the ten flasks no organisms of any kind 
were developed. In all the others organisms speedily ap- 
peared. I 

Now here is an experiment conducted in Paris ; let u» 
see whether we cannot throw light upon it in London. I 
place this large flask in the beam, and you see the luminous 
track crossing it from side to side. The flask is filled with 
the air of this room, charged with its germs 
and hence capable of illumination. But h 
similar flaslt, which cuts a clear gap out of th 
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Blied witli imfiUerod air, and still no trace of tlie beam is 
visible. "Why ? By pure accident I stumbled on this flask 
in our apparatus-room, where it had remained quiet for 
some time. Here are three other flasks which have also 
been kept quiet for a couple of days ; they are 'Sll optically 
empty. The still air of the flasks has deposited its dust, 
germs and all, and is itself practically free from suspended 
matter. Hence, manifestly, the result of Pasteur. 

I have had a chamber erected, the lower half of which 
id ol wood, its upper half being enclosed by foui glazed 
window-frames. The chamber tapers to a truncated cone 
at the top. It measures in plan 3 ft. by 3 ft 6 in., and its 
height is 6 ft. 10 in. Ou the 6th of February this chamber 
was closed, every crevice that could admit dust, or cause 
displacement of the air, being carefully pasted over with 
paper. The electric beam at first revealed the dust within 
the chamber as it did in the air of the laboratory. The 
chamber was examined almost daily ; a perceptible diminu- 
tion of the floating matter being noticed as time advanced. 
At the end of a week the chamber was optically empty, 
exhibiting no trace of matter competent to scatter the light. 
But where the beam entered, and where it quitted the 
chamber, the white circles stamped upon the interior sur- 
faces of the glass showed what had become of the dust. It 
clung to those surfaces, and from them instead of from the 
air, the light was scattered. If the electric beam were sent 
through the air of the Paris caves, the cause of its impotence 
as generator of life would, I venture to predict, be revealed. 

These experiments illustrate the application of a lumi- 
nous beam to researches of this kind. They prove that the 
germs which produce infusorial and fungoid life share the 
fiite of the ordinary visible dust with which they are inter- 
mixed ; that such germs attach themselves to the sides of 
Pessels, and fall gradually to the bottom of spaces filled 
■ with perfectly still air. But I will now tiim to a far more 
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interesting application of tlie luminous beam tliiin any 
hitherto described. My reference to Professor Lister's 
interpretation of the fact that air whicb has passed through 
the lungs cannot produce putrefaction is Jresh in your mem- 
oriea. Hf there assumed that the air was rendered innocu- 
ous by the filtering action of the lunga. Can this filtering 
process be taken out of the re^on of assumption and placed 
in that of demonstration ? It can. 

Here is the concentrated beam with which we operal 
at the commencement of this discourae. Its track thj 
the dust is luminous, and you have seen the blackness in^ 
troduced when tlie dust is burnt, or otherwise removed. I 
fill my lungs with ordinary air and breathe through a gloss 
tube across the beam. The condensation of the aqueous 
vapor of the breath is here shown by the formation of a 
luminous white cloud of delicate texture. It is necessary 
to abolish this cloud, and this may be done by drying the 
breath previous to its entering tlie beam ; or, still more 
simply, by wanning the glass-tube. When this is done the 
luminous track of the beam is for a tirae uninterrupted,, 
because the dust returning from the lungs makes good, 
great part, the particles displaced. After some time, boi 
over, an obscure disk appears in the beam, the darkness 
which increases, until finally, toward the end of the expira- 
tion, the beam is, as it were, pierced by an intensely black 
hole, in which no particles whatever can be discerned. The 
deeper air of the lungs is absolutely free from suspended 
matter. It is therefore in the precise condition required by 
^Professor Lister's explanation. Tiiia eiperiment may be 
repeated any number of times with the same result, I tl 
it must be regarded as a crowning piece of evidence 1 
of the correctness of Professor Lister's views and of 
impotence, as regards vital development, of optically pi 
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Cotion-wool Respirator. 

I now empty my lungs as perfectly as possible, and 
^aciag 3 bandTul of colton-wool against my mouth and 
nostrils, inhale through it. There is no difficulty in thus 
Elling the lungs with air. On expiring this air through a 
g-Iasa tube, its freedom from floating matter is at once 
manifest. From the very beginning of the act of expira- 
tion the beam is pierced by a black aperture. The first 
puff from the lungs abolishes the jllumioatcd dust, and puts 
a patch of darkness in its place ; and the darkness con- 
tinues throughout the entire course of the expiration. 
When the tube is placed below the beam and moved to 
and fro, the same smoke-like appearance as that obtained 
with a flame is observed. la short, the cotton-wool, when 
used in sufficient quantity, and with jlue care, completely 
intercepts the floating matter on its way to the lungs.' 

The appHcation of these experiments is obvious. If a 
physician wishes to hold back fi^m the lungs of hts patient, 
or from his own, the germs or virus by which contagious 
disease is propagated, he will employ a cotton-wool res- 
pirator. If perfectly filtered, attendants may breathe the 
air unharmed. In all probahihty the protection of the lungs 
and mouth will be the protection of the entire system. For 
it is exceedingly probable that the genns which lodge in 
the aii^passages, or find their way with the saliva into the 
stomach with its absorbent system, are those which sow in 

' Since the first publlcutlon of those rosulCs, ProftssDr Liatcr Ima 
aviLilod himself of Ibe GlteriDg power of cotton-wool in the tceatment of 
wounds. He first destroys Ibe germs adhering to the wool, and by a 
proper lotion kills (hose tha.tina; be scattered ontheSeah. Tbe cleimBed 
wool plnoct] upon the wound permits of a free dilTusiDn of ttie air, but 
entirelj iuteronpts tbo genns, and thus keeps the blood parfccllj sweet. 
It la here essential that no multor from tha wound should reach the out- 
fide air, for snch matter would open a liigliwair to tli<^ organisms. 
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l!ie liudy i-pijemic disease. If Ibis be bo, then disease can 
Ik! wurilc'd off by carefully-prepared filters of cottoo-wooL 
I should be most willing to test their efficacy in my own 
poreou, But apart from all doubtful applications, it is pei- 
fuctly certain that various noxious trades in Eng-Iand may 
bo rendered barmlcss by the use of such filters. I have 
liad conclusive evidence of tliis from people engaged in 
iilcli trades. A form of respirator devised by Mr. Garrick, 
a hotel proprietor Jn Glasgow, in which inhalation and ei- 
linlntion occur through two different valves, the one per- 
mitting the air to enter through the cotton-wool, and t 
uthur permitling the exit of the air direct into the abi 
phem, is well adapted for tliis purpose. But other for 
might readily be devised. 



Firema7t^a lie^pirator. 

Smoke ia often the Grcman's greatest obstacle i 
oflorts to save life ; I thought, therefore, of inventing a 
pirutor for the use of firemen. . Schroeder was the first 
use cotton-wool as a filter. To catch the atmosphi 
germs, M. Pouchct employed a film of adhesive glycerine 
spread ui>oo glass ; whUe Dr. Stcnbonse tmned charcoal to 
important account in respirators. By a. combination of all 
three a respirator of peculiar efficacy is obtained. For the 
smoke of dried leaves the cotton-wool alone was found 
adequate protection ; but for the far more pungent smi 
of resinous deal it was found totally inadequate. At 
suggestion of a friend I moistened the wool with glycf 
and found it a great improvement, It was the notion 
Pouchct in another form. Still about five minutes 
smoke was all that could be endured. I then ai 
fragments of charcoal with the moistened cotton ; the eff( 
was escellent.' Armed with a respirator of this kindj 
' Mr. LndJ, of Beak Street, makes Usene respintors. 
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can brcatho without annoyance in a space so crammed 
with smoke, that a single iohalatioa without the respirator 
would be intolerable. I wrote to the chief officer of the 
Metropolitan Fire Brigade, asking him whether such a res- 
pirator would be useful. He replied to me that it would, 
■but added that he was aware of every invention of the kind 
ID all the countries of Europe, and that none had been 
found of any use. At my invitation he was kind enough 
to come to the Royal Institution with two firemen and an 
assistant. The three latter, wearing such respirators, went 
in succession into the smoke-filled space, and on returning, 
stated that they had not experienced the slightest discom- 
fort, that they could have remaioed there all day long. 
Captain Shaw himself repeated tbe esperiment with the 
same result. I am confident that sooner or later this res- 
pirator will be employed, to the great benefit of a class of 
men whose actions in critical circumstances I have often 
had occasion to admire. 



Application of Luminous Beams to Water. 

The method of examination here pursued is also appli- 
cable to water. It is in some sense complementary to that 
of the microscope, and may I think materially aid inquiries 
conducted with that instrument. In microscopic exarnina- 
tion attention is directed to a small portion of the liquid, 
and the aim is to detect the individual suspended partlcleG, 
By the present method a large portion of the liquid la il- 
luminated, its general condition being revealed, through 
the light scattered by suspended particles. Care is taken 
to defend the eye from the access of all other hght, and, 
thus defended, it becomes an organ of inconceivable deli- 
cacy. Indeed, an amount of impurity so infinitesimal as to 
be scarcely expressible in numbers, and the individual pai^ 
deles of which are so small as ■■wholly to elude the mifri> 
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Bcope, may, wlien examined by tbe method alluded to, pre 
duce not only sensible but striking effects upon the eye. 

I take, for instance, this bottle of water intended to 
quench your lecturer's thirst. In the track of the beam it 
simply reveals itself as dirty water. So you see that we 
are iuvaded with dirt not only in the air we breathe, but 
in the water we drink. And this water is no worse than 
the other London waters. Thanks to the kindness of Pro ] 
fessor Frankland, I have been furnished with specimenB oSfl 
the water of eight London companies. They are 
with impurities mechanically suspended. But you will ai 
whetlier filtering will not remove the suspended matte 
The grosser matter, undoubtedly, but not the more finelj^ 
divided matter. Hero is water which has been passed foB 
times through a filter of bibulous paper, but it is still laden 
with fine matter. Here, also, is a bottle kindly sent me by 
Mr. Lipscomb, and passed once through his charcoal filte 
But the track of the beam through it ia more limoinoi 
than through air, because the quantity of matter snspendel 
iu the water is greater than that s'uspended in a:' 
is another specimen courteously sent to me by the Silicate 
Carbon Company. All the grosser matter has 
moved, but it is thick with fine matter. Nine-tenths of thfl^ 
light scattered by these particles is perfectly polarized in a 
direction at right angles to the beam, and this release of 
the particles from the ordinary law of polarization is a 
demonstration of their smallness. I should say by far the 
greater number of the particles concerned in this scattering, 
are wholly beyond therange of the microscope, and no or- 
dinary filter can intercept them. There is an testhetio 
pleasure in the drinking of a glass of cold sparkling watcrJ 
and I fear these experiments will destroy this pleasure if 1 
yon ever enjoyed it. And it is nest to impossible by artt*'f 
ficial means to produce pure water, Mr. Hartley, for ex« ] 
ample, some time ago distilled water while it was supi J 
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rouadcd by liydrogen, but the water was not free from 
floating matter. It is so bard to be clean in tbe midst of 
dirt. Here, however, ia an approach to pure wator. It is 
from tbe Lalte of Geneva, and the bottle was carefuUy 
filled for me by my distinguished friend Soret. Tbe track 
[ of the beam through it is of a delicate sky blue; there is 
scarcely a trace of grosser matter. 

The purest water that I have seen — probably the purest 
I which has been seen hitherto — ^has been obtained from the 
[ fusion of selected specimens of ice. But extraordinary 
precautions are required to obtain this degree of purity. 
An apparatus was devised and constructed by my assistant 
[ for this pmrpose. Through the plate of an air-pump passes 
the shank of a large funnel, attached to which below the 
plate is a glass bulb. In the funnel is placed a block of the 
most transparent ice, and over the funnel is a glass receiver. 
This is first exhausted and refilled several times with air, 
which has been filtered by its passage through cotton-wool, 
the ice being thus surrounded by pure moteless air. But 
the ice has previously been in contact with mote-filled air ; 
it is, therefore, necessary to let it wash its own face, and 
wash the bulb which is to receive the water of liquefaction. 
The ice is permitted to melt, the bulb is filled and emptied 
several times, until finally the large block dwindles fo a 
small one. We may bo sure that all impurity has been 
thus removed from the surface of the ice. These two bulbs 
contain water obtained in this way, the purity of which is 
' the maximum hitherto attained. Still I should hesitate to 
call the water absolutely pure. When the concentrated 
beam is sent through it the track of the beam is not invis' 
ible, but of the moat exquisitely delicate blue. This blue 
is purer than that of the sky, so tliat the matter which pro- 
ies it must be finer tjian that of the sky. It may be, 
k Rod indeed has been, contended that this blue is scattered 
I by the very molecules of the water, and not by matter bus- 
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t. But wbeQ we remember lliat tLia perfection 
of blue ia approached gradually through stages of less per- 
fect blue; and when we consider that a blue in. all re- 
Bpecta similar ia demonstrably obtainable from particles 
mechanically suspended, we should hesitate, I tliink, to 
conclude that we have arrived here at the last stage of pu- 
rification. The evidence, I think, points distinctly to the 
conclusion that, could we push the process of puri.6cation 
still further, even this last delicate trace of blue would dis- 
appear. 

Chalk - Water. ClarJc's Softening Process. 
But is it not possible to match the water of the Lake 
of Geneva here in England ? Undoubtedly it is. We have 
in England a kind of rock which constitutes at once an ex- 
ceedingly clean recipient and a natural filter, and from which 
we can obtain water extremely free from mechanical im- 
purities, I refer to the chalk-fonnation, in which large 
■ quantities of water are held in etore. Our chalk-hiUa are 
in most cases covered with thin layers "of soil, and with 
very scanty vegetation. Neither opposes much obstacle 
the entry of the rain into the chalk, where any organic 
impurity 'which the water may carry in ia soon oxidized 
and rendered harmless. Those who have scampered like 
myself over the downs of Hants and Wilts will remember 
the scarcity of water in these regions. In fact, the rain- 
fall, instead of washing the surface and collecting in streams, 
sinks into the fissured chalk and percolates through it, and 
when this formation is suitably tapped we obtain water of 
exceeding briskness and puritv. Here is a large globe filled 
with the water of a well near Tring. It ia wonderfully free 
from mechanical impurity; indeed, it stands to reason that 
water wholly withdrawn from surface contamination and 
percolating through so clean a substance should be pure. 
Sending a beam through this glass of water its purity is 
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lonspicuoua ; jou see the track of the beam, but it ia not 
the thick and muddy track revealed in London waters. It 
has been a subject much debated whether the supply of 
excellent water which the chalk holds in store could not be 
rendered available for London. Many of the most eminent 
engineers and chemists have ardently recommended thb 
source, and have sought to show that not only is its 
purity unrivalled, but that its quantity is practically inex- 
haustible. Data sufBcicnt to test this are now, I believe, 
in existence ; the number of wells sunk in the chalk is so 
considerable and the quantity of water which they yield is 
BO well known. 

But thia water, so admirable as regards freedom from 
mechanical impurity, labors under the disadvahtage of 
being very hard. It is rendered hard by the large quantity 
of carbonate of lime which it holds in solution. The chalk- 
water in the neighborhood of Watford holds in solution 
about seventeen grains of carbonate of lime per gallon. 
Thia, in the old terminology, used to be called seventeen 
degrees of hardness. Now this hard water is bad for tea, 
bad for washing ; it fura your boilers, because the lime 
held in solution is precipitated by boiling. If the water be 
used cold, ita hardncas must be neutralized at the expense 
of aoap before it will give a lather. These are serious ob- 
jections to the use of chalk-water in London. But they 
are now successfully met by the experimental demonstration 
that such water can be softened inexpensivelyj and on a 
grand scale, I had long known the method of softening 
water called Clark's process, but not until recently, under 
the guidance of Mr. Homersham, did I see proof of its 
larger applications. Tlie chalk-water is softened for tlie 
BUpply of the city of Canterbury ; at the Cbiltem Hills it 
is softened for the supply of Tring and Aylesbury, Carter- 
ham also enjoys the luxury. 

I have visited all these places, and made myself ac> 
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quainted with the works. At Canterbury there are ihree 
resorvoire covered in ard protected by a concrete roof and 
layers of pebbles both from the Hummer's heat acd the win- 
ter's cold. Each reservoir contains 120,000 gallons of chalk- 
water. Adjacent to these reservoirs are others containing 
pure slacked lime — the so-called " cream of lime." These 
are filled with water, the lime and water being thoroughly 
naixed by air forced in by an engine through apertures in 
the bottom of the reservoir. The water thus well mixed 
with the lime soon dissolves all of this substance that it is 
capable of dissolving. The lime is then allowed to subside 
to the bottom, leaving a perfectly clear lime-water behind. 
The object is now to soften the chalk-water. Into the 
empty reservoir is introduced a certain quantity of tbe clear 
lime-water, and after this about nine times the quantity of the 
chalk-water. The transparency immediately disappears — 
the mixtiure of the two clear liquids becomes thickly turbid. 
The carbonate of lime is precipiiated, an^ the precipitate is 
permitted to subside ; it is crystalline and heavy, and there- 
fore sinks rapidly. In about twelve hours you find a layer 
of pure white carbonate of lime at the bottom of the reservoir, 
with a water of extraordinary beauty and purity overhead, 
A few days ago I pitched some halfpence into a reservoir 
Biiteen feet deep at the Chilton Hills. Tiie sixteen feet 
hardly perceptibly dimmed the coin. Had I cast a pin in, 
it could, I am persuaded, have been seen at the bottom. By 
this process of softening the water is reduced from about 
seventeen tlegrees of hardness to three degrees of hardness. 
It j-ields a lather immediately. Its temperature is constant 
throughout the year. In the hottest summer it is cool, its 
temperature being 20" above the freezing-point; and it 
does not freeze in winter if conveyed in proper pipes. It 
is not exposed to the contamination of either earth or air. 
Tlic reservoirs are covered; a leaf cannot blow into the 
water, no surface contamination can reach it, it passes di- 
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rect from llie itiaia into the touse-tap ; no cistL'nis are em- 
ployed, the supply is always iresh and pure. It ia highly 
charged with air. This ia the kind of water which is sup- 
plied to the fortunate people of Tring, Caterham, and Can- 
terbury. 

Let me, ifl conclusion, remind you that I do not con- 
sider the floating matter revealed by the electric beam to be 
all limng matter. I believe that only in exceptional cases, 
Bucb as those cited in the escellent reports of Dr. Angus 
Smith, does the quantity of living matter suspended in the 
air of our streets and rooms amount to more than a small 
fraction of the total dust But I believe it to be perfectly 
well established that, during epidemics, air and water are 
charged with the specific " materiea morbi " by which the 
disease is spread ; that these two media are, in fact, the 
chief yehicles of its dissemination. I believe there are the 
strongest grounds for holding the contagious matter to be 
" particulate," and further, that the particles are to all ia- 
teots and purposes germs ; exhibiting as they do the fun- 
damental characteristic of propagating their own kind 
through countless generations, and over vast geographical 
areas. Their life and reproduction run parallel to, and are 
an incident of the life of man himself. I do not doubt the 
ability of these particles to scatter light, nor that the means 
by which the visible floating dust of our air is arrested, and 
which demonstrably arrest with it the germs of various 
forma of fungoid and animalcular life, including those con- 
oerned in the phonomena of putrefaction, will al5o be found 
eflectual in arresting contagium. 

The following eitract from a private letter written to 
me by Dr. William Budd, is so important, and its reasoning 
' 1b so clear, that I asked and obtained the permission of its 
exceedingly able writer to publish it : 

" Another point of %reat practical imporfance is, as far 
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BS possible, to appraise the respectiye slytrcs wbich air and 
water take in the great act of distribution. That both 
cholera and typhoid fever are Bometiraes disseminated by 
drinking-water has been amply proved. I have myself re- 
lated many instances of the fact, and have in my notes the 
record of many others still more striking. But that water 
ia the sole or even the chief vehicle of cholera and tj-phoid 
is a notion which, if I mny trust my own esperience, facta 
do not warrant. 

" Limiting' myself, for the moment, to tliecase of typhoid, 
I am in a position to state that all the worst and most wide- 
spread outbreaks of that fever which I have ever witnessed, 
have occurred among comrauoities supplied by drinking- 
water which was absolutely blameless. Two illustrations 
will suffice. 

" I live in a town in which the divorce between sewage 
and drinking-water haa long been consummated. Bristol 
is supplied with drinking-water which from its source in the 
Mendips to the tap from which it is delivered under high 
pressure to the consumer, flows through conduits out of all 
reach of sewage contamination. 

" And yet typhoid lever has not only not ceased to exist 
in Bristol, but about eight or ten years ago (before the 
appointment of a health-officer), there occurred in the Parish 
of St. James one of the worst outbreaks of this fever which 
I have ever seen in the city. In the courae of a circuit 
which I took one morning with the late Dr. Pring (at that 
time Poor Law Medical Officer) I saw within a compara- 
tively small area more than eighty cases of the disease. 

" Now, with the esception of a single household, all the 
patients were drinking the Mendip water; the very same 
water which, as far as fever is concerned, more than 150,000 
of their fellow-citizens outside the infected area were drink- 
ing with absolute impunity. 

"Some four or five years ago Pwas sent for to adrise 
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sliould be taken to stay an outbreak of 
typhoid fever wHch had occurred in a large convent about 
two miles &om Bristol. The inmates were divided into 
three distinct divisions ; tlie largest being a refonnatory for 
girls, who occupied the central block of tbe building. Into 
this reformatory the fever was brought by a girl already 
Buffering from it, and who bad contracted it in a sea-side 
place more than twenty miles off. From this girl the dis- 
ease spread until, at tbe date of my visit, more than fifty 
girls were lying ill of it. From first to last the fever was 
confined to the reformatory girls, and to persons in immedi- 
ate attendance upon them. 

" Now, the facta as to the drinking-water were these : 

" 1. The water was proved by examination of the well, 
and by chemical analysis, to be entirely free from sewage 
contamination. 

"3. The inmates of anotber large division of the con- 
vent, who remained entirely firec from fever, drank the same 
water as the giris among whom fever was raging like a 
plague, 

" 3. From the very time when disinfection was brought 
to bear on the excreta tbe disease ceased to spread, although 
the inmates of the infected division continued to drink the 
same water as before. 

" Lastly, nothing has since been done to the well — the 
water remains what it was — but no fever has occurred in 
the convent since. 

" The evidence in both these cases is, as you see, of that 
crucial, decisive order that admits of no reply. 

" They show, at least, that typhoid fever may do its 
worst where drinking-water takes absolutely no part in the 
distribution of the poison. 

" But if water be excluded, the air is the only other 
possible vehicle by which a poison generated in the living 
body can find its way baclt to other living bodies on B-scale 
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Buflicicntly large to cause the resulting di&tase to assi 
an epidemic form. 

" I may remark furtlier that the infection of the ai 
tlieao two cases was obviously not the work of chance, but 
only represented the effect of agencies which are always in 
operation where this fever prevails. 

" The phenomenon is, in fact, tnerely the expression of a 
general law. 

" T)ie germs cast off in the liquid escreta of contagious 
diseases rise into the air by no power of their own, but in 
virtue of the very same physical conditions whicb cause the 
germs of the great tribe of Infusoria, which, as their name 
bespeaks, breed iu liquids, to rise in swaraia into the aama 
medium, 

" If there were time or need, I could show, by eridence 
quite as decisive, that all these statements apply equally to 
cholera also, 

" I do not know that there is any thing in these data to 
suggest additional matter for your essay, but I have thought 
it worth while to bring them under your notice, harmoniz- 
ing as they do with yonr own investigations which show 
by such striking phenomena that air and water are equally 
objects of distrust. 

" As to tbo germ-theory itself, that is a matter on which 
I have long since made up my mind. From the day when 
I first began to think upon these subjects, I have never had 
a doubt that the specific cause of contagious fevers must bo 
living organisms. 

" It is impossible, in fact, to make any statement bearing 
upon the essence or distinctive characters of these fevers, 
without using terms which are of all others the moat diatino- 
live of life. Take up the writings of the most violent oppo- 
nent of the germ-theory, and, ten to one, you will find tliem 
full of such terms as ' propagation,' ' self-propagation,' ' 
production,' 'self-multiplication,' and so on. Try as he 
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may — ^if he has any thing to say of these diseases which is 
characteristic of them — he cannot evade the use of these 
terms or the exact equivalents of them. While perfectly 
applicable to life and to living things, these terms express 
qualities which are not only inapplicable to common chemi- 
cal agents, but, as far as I can see, actually inconceivable 
of them." 
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LIFE AND LETTERS OF FARADAY. 

BY DR. HENRY BENCE JONEa 
''The Academy for May and June, 1870.] 



Fame is the spur that the clear spirit doth raiaa 
(That last infirmity of noble minds) 
To scorn delights and live laborious days ; 
But the fair guerdon when we hope to find, 
And think to burst out into sudden blaze, 
Comes the blind fury with the abhorred shears, 
And slits the thin-spun life. But not the praise 
Phoebus replied, and touched my trembling ears ; 
Fame is no plant that grows on mortal soil, 
Nor in the glistering foil 
Sot off to the world, nor in broad rumor lies. 
But lives and spreads aloft by those pure eyes 
And perfect witness of all-judging Jove." 

Milton. 
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TJndketaken and executed in a reverent and loving 
spirit, the work of Dr, Bcnce Jones makes Faraday the 
virtual writer of kis own kfc. Everybody now knows the 
story of tke philosopher's birth; that his father was a 
smith ; that he was born at Newington Butta in 1791 ; 
that he slid along the London pavements, a bright-eyed 
errand-boy, witli a, load of brown curia apon bis head and a 
packet of newspapers under Lis arm; that the lad's master 
was a bookseller and bookbinder — a kindly man, who 
became attached to the little fellow and in due time made 
him hia apprentice without fee; that during hia appren- 
ticeship be found his appetite for knowledge provoked and 
strengthened by the books he stitched and covered. Thus 
he grew in wisdom and stature to his year of legal man- 
hood, when he appears in the volumes before ua aa a writer 
of letters, which reveal his occupation, acquirementa, and 
tone of mind, Hia correspondent was Mr. Abbott, a mem- 
ber of the Society of Friends, who, with a forecast of his 
friend's greatness, preserved his letters and produced them 
at the proper time. 

In later years Faraday always carried in hia pocket a 
blank card on which he jotted down in pencil his thoughts 
and memoranda. He made hia notes in the laboratory, 
in the theatre," and in the streets. This distrust of Ida 
memory reveals itself in his first letter to Abbott. To a 
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proposition that no new inquiry should be started between 
them before the old one had been exhaustively discussed, 
Faraday objecta. " Your notion," he says, " I can hardly 
allow, for the following reason: ideas and thoughts spring 
up m my mind ■which are irrevocably lost for want of 
noting at the lime." Gentle as he seemed, he wished to 
have his own way, and he had it throughout bia life. 
Differences of opinion sometimes arose between the two 
fidends, and then they resolutely faced each other, "I 
accept your offer to fight it out with joy, and shall in the 
battle of experience cause not pain, but, I hope, pleasure." 
Faraday notes hia own impetuosity, and incessantly checks 
it. There is at times something mechanical in his self- 
restraint In another nature it would have hardened into 
mere " correctness" of conduct; but his overflowing aiTeo- 
lions prevented this in his case. The habit became a second 
nature to him at last, and lent serenity to his later years. 

In October, 1813, he was engaged by a Mr. De la 
Roche as a ionmeyman bookbinder ; but the situation did 
not suit him. His master appears to have been an austere 
and passionate man, and Faraday was to the last degree 
sensitive. All his life he continued so. He suffered at 
times from dejection ; and a certain grimness, too, pervaded 
his moods. "At present," he writes to Abbott, "lamaa 
serious as you can be, and would not scruple to speak a 
truth to any human being, whatever repugnance it might 
give rise to. Being in this state of mind, I should have 
refrained from writing to you, did I not conceive from the 
general tenor of your letters that your mind is, at proper 
times, occupied upon serious subjects to the exclusion of 
those that are frivolous." Plainly he had fallen mto that 
etera Puritan mood which not only crucifies the flesh, affeo- 
tions, and lusts of him who harbors it, but is often a cause 
of disturbed digestion to his friends. 

About three months after his engagement with De la 




Roche, Faraday quitted Miii and bookbinding together. 
He had heard Darj, copied his lectuncs, a.iid written to him 
entreating to be released from trade, which he hated, and 
enabled to pursue science, Davy recognized the merit of 
his correspondent, kept Ha eye upon him, and when oc- 
casion offered, drove to his door and sent in a letter offer- 
ing him the post of assistant in the laboratory of theltoyal 
Institution. He was engaged upon March 1, 1812, and on 
the Sth we find him extracting the sugar from beef^root. 
He joined the City Philosophical Society which had been 
founded by Mr. Tatum in 1808. " The discipline was very 
sturdy, the remarks very plain, and the residts most valu- 
able." Faraday derived great profit from this little asso- 
ciation. In the laboratory he had a discipline sturdier still. 
Both Davy and himself were at this time cut and bruised 
by explosions of chloride of nitrogen. One explosion was 
HO rapid " as to blow my hand open, tear away a. part of 
one nail, and make my fingers so sore that I cannot use 
them easily," In another experiment " the tube and re- 
ceiver were blown to pieces ; I got a cut on the head, and 
Sir Humphry a bruise on his band." And again, speaking 
of the same substance, he says : " When put in the pump 
and exhausted, it stood for a moment, and then exploded 
with a fearful noise. Both Sir H. and I had masks on, but 
I escaped this time the beat Sir H. had his face cut in 
two places about the chin, and a violent blow on thefore- 
head struck through a considerable thickness of silk and 
leather." It was this same aubstaoce that blew out the 
eye of Dulong. 

I Over and over again, even at this early date, wo can 
discern the quality which, compounded with his rare intel- 
lectual power, made him a, great experimental philosopher. 
This was his desu^ to see facta, and not to rest contented 
with the descriptions of them. He frequently pits the eye 
Against the ear, and affirms the enormous Euperiority of the 
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organ of vision. Late in life I liave lieard bim say thatll 
could never have fuUy underataad an experiment until liB 
had seen it. But he did not confine himself to experiment. 
He aspired to be a teacher, and reflected and wrote upon 
the method of scientific exposition, " A lecturer," he ob- 
serves, " should appear easy and collected, undaunted and 
unconcerned : " still " his whole behavior should evince 
respect for his audience." Those recommendations were 
afterward in great part embodied by himsel£ I doubt 
hia unconcern, but hia fearlcssneaa was often manifested. 
It used to rise within him as a wave, which carried both 
him and his audience along with it. On rare occasions 
also, when be felt himself and hia subject hopelessly unin- 
telligible, be suddenly evoked a certain recklessness of 
thought, and without baiting to extricate his bewildered 
followers, he would dash alone tlu^ugh the jungle into 
which he had unwittingly led Ibem ; thus saving them from 
ennui by the exhibition of a vigor which, for the time being, 
they could neither share nor comprehend. 

In October, 1813, be quitted England with Sir Hum- 
phry and Lady Davy. During his absence be kept a 
journal, from which copious and interesting extracts have 
been made by Dr. Bence Jones. Davy was considerate, 
preferring at times to be bis own servant rather than 
impose on Faraday duties which he disliked. But Lady 
Davy was the reverse. She treated him as an underling; 
he chafed under the treatment, and was often on the point 
of returning home. They halted at Genera. De la Rive 
the elder had known Davy in 1799, and by his writings in 
the " Bibliothfeque Eritannique," had been the first to make 
the English cberaiat's labors known abroad. He welcomed 
Davy to his country residence in 1814. Both were sports- 
men, and they often went out shooting together. On theae 
occasions Faraday charged Davy's gnn, while De la Rive 
charged his own. Once the Grenevese philosopher found 
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himself by the side of Faraday, and iu Ms frank and genial 
way entered into conversation with tLe young man. It was 
evideot that a person possessing such a charm of wanner 
■ndsuch high intelligence could be no mere seirant. On 
inquiry De la Rive was somewhat shocked to find that the 
eoi-dteant domestique was jeaWy priparateur in the labora- 
tory of the Koyal Institution : and he immediately proposed 
that Faraday thenceforth should join the masters instead 
of the servants at their meals. To this Davy, probably out 
of weak deference to his wife, objected ; but an arrangement 
was come to that Faradny the ncefor ward should have his 
food in his own room. Rumor states that a dinner in 
honor of Faraday was given by De la Rive. This is a 
delusion ; there was no such banquet ; but Faraday never 
forgot the kindness of the friend w^ho saw his merit when 
ho was a mere garfon de laboraloire,^ 

He returned iu 1815 to the Royal Institution. Here he 
helped Davy for years ; he worked also for himself^ and 
lectured frequently at the City Philosophical Society. He 
took lessons in elocution, happily without damage to his 
natural force, earnestness, and grace of delivery. He waa 
never pledged to theory, and he changed in opinion as 
knowledge advanced. With him life was growth. In those 
early lectures we hear bim say, " In knowledge, that man 
only ia to be contemned and despised who is not in a state 
of transition." And again, " Nothing is more difficult and 
requires more caution than philosophical deduction, nor is 
there any thing more adverse to its accuraey than fixity of 
opinion," Not that he was wafted about by every wind of 

' WMIo confined last autumn at Genera bj the effects of a fall in the 
Upa, mv frleoda, with a bindocBB I can never forget, did all that friend- 
ship could surest to render my captivity pleasant to mo. M. de la Rive 
&eD wrote out roc me the fjjil account, of which tlic foregoing ia a con- 
denied abHtracC It was at the desire of Dr. Ilcnce Jones that I B5kc<l 
hirn to do to. Tlie rumor of a banquet at Geneva Uluatratea the ten 
dene; to 8ubHlIlu(e for the joiilli of ISU the FBraday of later jcara. 
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doctrine ; but that he united flexibility with his strength. 
In striking contraat with this intellectual expanaivenesa is 
hia fisity in religion, but this ia a subject which cannot be 
discussed here. 

Of all the letters published in these volumea none 
possess a greater charm than those of Faraday to his wife. 
Here, as Dr. Bence Jones truly remarks, " he laid open all 
hifl mind and the whole of his character, and what can be 
made known can scarcely fail to charm every one by its 
loveliness, its truthfulness, and ita earnestness," Abbott 
and he sometimes swerved into word-play about love; but 
up to 1820, or thereabouts, the passion was potentia. 
merely. Faraday's journal, indeed, contains entries which 
show that he took pleasure in the assertion of his contempt 
for love ; but these very entries became links in his destiny. 
It was through them that he became acquainted with one 
who inspired him with a feeling which only ended with his 
life. His biographer has given us the means of tracing the 
varj-ing moods which preceded his acceptance. They reveal 
more than the common alternations of hght and gloom; at 
one moment he wishes that his flesh might melt and he 
become nothing; at another he is intosicated with hope. 
The impetuosity of his character was then unchastened by 
the disciphne to which it was subjected in after-years. The 
very strength of his passion proved for a time a bar to its 
advance, suggesting as it did to the conscientious mind of 
Miss Barnard doubts of her capability to return it with 
adequate force. But they met again and again, and at 
eiich successive meeting he found his heaven clearer, until 
at length he was able to say, " Not a moment's alloy of this 
evening's happiness occurred. Every thing was delightful 
to the laat moment of my stay with my companion, becauae 
she waa so." The turbulence of doubt subsided, and a calm 
and elevating confidence took its place. " What can I call 
nysel^" he writes to her in a subsequent letter, " to convey 
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I most perfectlj my affection and love for you ? Can I or 

I can trutli say more than that for this irorlii I am yours?" 

I Assuredly he made his profession good, and no fairer light 

f fiilla upon his character than that which reveals his relations 

to his wife. Never, I believe, existed a manlier, purer, 

steadier love. Like a burning diamond it continued to shed 

for six-and-forty years its white and smokeless glow. 

Faraday was married on June 13, 1831 ; and up to this 
date Davy appears throughout as his friend. Soon after- 
ward, however, disunion occurred between them, wiiich, 
while it lasted, must have given Faraday intense pain. It 
is impossible to doubt the honesty of conviction with which 
this subject has been treated by Dr. Bence Jones, and there 
may te lacts known to bim, but not appearing in these 
volumes, which justify hia opinion that Davy in those days 
had become jealous of Faraday. This, which is the preva- 
lent belief, is also reproduced in an excellent article in 
the March number of Eraser's Magazine. But the best 
analysis I can make of the data fails to present Davy in 
this light to me. The facts, as I regard them, are briefly 
these: 

In 1830, Oersted, of Copenhagen, made the celebrated 
discovery which connects electricity with magnetism, and 
immediately afterward the acute mind of Wollastoa per- 
ceived that a wire carrying a current ought to rotate 
round it own axis under the influence of a magnetic pole. 
In 1831 he tried, but failed, to realize this result in the 
laboratory of the Royal Institution. Faraday was not pres* 
ent at the moment, but he came in immediately afterward, 
and heard the conversation of WoUaston and Davy about 
the experiment. He had also heard a rumor of a wagei 
that Dr. Wollastoa would eventually succeed. 

Tills was in April. In the autumn of the same year 
F&raday wrote a history of electro-raagTietism, and repeated 
(or himself the ejperiraents which he described. It was 
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wiiile thus iustructing himself that he succeeded in causing 
a wire carrying an electric current to rotate round 
netic pole. This was not the result sought by Wollaston, 
but it was closely related to it. 

The strong tendency of Faraday's mind to look up<m, 
the reciprocal actions of natural forces gave birth to hia 
greatest discoveries ; and we, who knoi^ tbia, should be 
justified in concluding that, even Lad Wollastoa not p»-1 
ceded him, the result would have been the sameu But !»■" 
judging Davy we ought to transport ourselves to bis timo, 
and carefully exclude from our thoughts and feelings that 
uoble subsequent life which would render simply impossible 
the ascription to Faraday of anything unfair. It would be 
unjust to Davy to put our knowledge in tbe place of his,, 
or to credit him with data which he could not bave 
sessed. Riunor and fact bad connected the name of Wt 
laston with these supposed interactions between magneta 
and currents. When, therefore, Faraday in October pub- 
lished his successful experiment without any allusion to 
Wollaston, general, though really ungrounded, criticism 
followed, I say ungrounded because, firstly, Faraday's ex- 
periment was not that of Wollaston, and secondly, Faraday, 
before be published it, had actually called upon Wol]aslo%, 
and not finding him at home did not fee! himself authorij 
to mention his name. 

In December Faraday published a second paper on the' 
same subject, from which, through a misapprehension, tie 
name of Wollaston was also omitted. Warburton and 
others thereupon affirmed that Wollaston's ideas had 
appropriated without acknowledgment, and it is plair 
Wollaston himself, though cautious in his utterance, wi 
also hurt. Censure grew till it became intolerable, 
hoar," writes Faraday to his friend Stodart, " every 
more and more of these sounds, which, though only -v 
pers to me, are, I suspect, spoken aloud among scieni 
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meu." He might have written e.\p]anjitiotis iind defeneea, 
but hi went straighter to the point. Ho wished to see the 
principals face to face — to plead his cause before them per- 
BonaUy, There is a certaiu vehemence in Lis desire to do 
He saw Wollaston, fie saw Davy, he saw Warbur- 
Biid I am inclined to think that it was the irresistible 
['"candor and truth of character which these viva voce de- 
revealed, as much as the defences themselves, that 
isarmed resentment at the time. 
As regards Davy, another cause of dissension arose in 
1S23. In the spring of that year Faraday analyzed the 
hydrate of chlorine, a substance once believed to be the 
element chlorine, but proved by Davy to be a compound of 
that element and water. The analysis was looked over by 
Davy, who then and there suggested to Faraday to heat 
the hydrate in a closed glass tube. This was done, the 
Bubstance was decomposed, and one of the products of de- 
"■twmposition was proved by Faraday to be chlorine liquefied 
ty its own pressure. On the day of its discovery he oom- 
Biunicated this result to Dr. Paris, Davy, on being in- 
formed of it, instantly liquefied another gas in the same 
way. Having struck thus into Faraday's inquiry, ought he 
not to have left the matter in Faraday's bands? I think 
he ought. But, considering his relation to both Faraday 
and the hydrate of chlorine, Davy, I submit, may be excused 
for thinking difierently. A father is not always wise enough 
to see that his son has ceased to be a boy, and estrange- 
nt on this account is not rare ; nor was Davy wise enough 
discern that Faraday had passed the mere assistant 
and become a discoverer. It is now hard to avoid 
lagnifying this error. But had Faraday died or ceased to 
irk at this time, or had his subsequent life been devoted 
money-getting instead of to research, would anybody 
V dream of ascribing jealousy to Davy? Assuredly 
. Why should he be jealous ? His reputation at this 
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time was almost without a parallel: his glorj was without 
a cloud. He liaj adJeJ to his other discoveries t^at of 
Faraday, and after having- been hia teadher for seven years, 
his language to him was this: " It gives me great pleasure 
to hear that you are comfortable at the Royal Institution, 
and I trust that you will not only do something good and 
honorable for yourself, but also for science." This is not 
the language of jealousy, potential or actual. But the 
chlorine business introduced irritation and anger, to wliich, 
and not to any ignobler motive, Davy's opposition to the 
election of Faraday to the Royal Society is, I am pe> 
. Buaded, to be ascribed. 

These matters are touched upon with perfect candor 
and becoming consideration in the volumes of Dr. Bence 
Jones, but in " society " they are not always eo handled. 
Here a name of noble intellectual associations is surrounded 
by injurious rumors which I would willingly scatter {or- 
ever. The pupil's magnitude and the splendor of his posi- 
tion are too great and absolute to need as a foil the humiha- 
tion of his master. Brothers in intellect, Davy and Fara- 
day, however, could never have become brothers in feeling ; 
their characters were too unhko. Davy loved the pomp 
and circumstance of fame, Faraday the inner consciousness 
that be bad fairly won renown. They were both proud 
men. But with Davy pride projected itself into the outer 
world, while with Faraday it became a steadying and dig- 
nifying inward force. In one great particular they agreed. 
Each of them could have turned his science to immense 
commercial profit, but neither of them did so. The noble 
excitement of research, and the delight of discovery, con- 
stituted their reward. I commend them to the reverence 
which great gifts greatly exercised ought to inspire. They 
were both oiirs, and tiuough the coming centuries England 
will be able to point with just pride to the possession of 
Buch men. 
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The first volume of the "Life and Ijctters" reveals to 
us the youth who was to be father to the man. Skilful, 
aspiring, resolute, he grew steadily in knowledge and in 
power. Consciously or unconsciously, tbe relation of action 
to reaction was ever present to Faraday's mind. It had 
been fostered by his discovery of magnetic rotations, and 
it planted in him more daring ideas of a similar kind. Mag^ 
qetiam he knew could be evoked, by electricity, and he 
thought that electricity, in its turn, ought to be capable of 
evolution by maguetism. On August 39, 1831, bis experi- 
ments on this subject began. He bad been fortified bj 
previous trials, which, though failures, had begotten in- 
Btincts directing hiin toward the truth. He, like erery 
strong worker, might at times miss the outward object, but 
he always gained tlie inner hght — education and expansion. 
Of this Faraday's life was a constant illustration. By No- 
vember he had discovered and colUgated a multitude of 
the most wonderful and unexpected phenomena. He had 
generated currents by currents; currents by magnets, per- 
manent and transitory; and he afterward generated cur- 
rents by the earth itself. Arago's "Magnetism of Rota- 
tion," which had for years offered jtself as a challenge to 
the best scientific intellects of Europe, now fell into his 

1 hands. It proved to be a beautiful but still special illustra- 

I tion of the great principle of magneto-electric induction. 

I Nothing equal to this, in the way of pure experimental in- 

Iquiiy, had previously beea achieved. 

Electricities from various sources were next examined, 

Vsnd their differences and resemblances revealed. He thus 

assured himself of their substantial identity. He then took 

up conduction, and gave many striking illustrations of the 

influence of fusion on conducting power. Renouncing pro- 

H fessional work, from which at this time be might have de- 

■ lived an income of many thousands a year, he poured his 

Bichole reioinenlum into his researches. He was long en- 
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tangled io clectro-chembtrj. The light of law ivas for «^ 
time obscured by tlie tluck umbrage o£ novel facta ; but he 
finally emerged from his researches with the great principle 
of definite electro-chemical decomposition in hia hands. li 
hia discovery of magneto-electricity may be ranked with 
that of the pile by Volta, this new discovery may almost 
stand beside that of definite combining proportions in 
chemistry. He passed on to static electricity — its condii<}- 
tion, induction, and mode of propagation. He discovered 
pnd illustrated the principle of inductive capacity ; and, 
turning to theory, he asked himself how electrical attrac- 
tions and repulsions arc transmitted. Are they, like gravity, 
Bctiona at a distance, or do they require a medium ? If tlie 
former, then, like gravity, they will act in straight lines; if 
the latter, then, like sound or light, they may turn a comer. 
Faraday held, and hia views are gainuig ground, that his 
experiments proved the fact of curvilinear propagation, and 
hence the operation of a medium. Others denied this ; hut 
none can deny the profound and philosophic character of 
liis leading thought.' The first volume of the reseanihes 
contains all the papers here referred to. 

Faraday had heard it stated that henceforth physi 
discovery would be made solely by the aid of mathemattoad 
that we had our data, and needed only to work deduclivelyj 
Statements of a similar character crop out &om time 1 
time in our day. Tiieyarisefroman imperfect acquaints 
with the nature, present condition, and prospective vasts 
of the field of physical inquiry. The tendency of natui 
science doubtless is to bring all physical pbenomena imd( 
the dominion of mechanical laws ; to give them, in otbt 
words, mathematical expression. But our approach to t 
result is asymptotic ; and for ages to come — possibly I 

' In a very remarkaUo paper pnblislieiJ in Poggendorff'B AimiUen fl 
IBGT, Weriier Siemens deyrlops and accepti Faraday's tbeor; of molM 
lor bdootion. 



all the ages of the humati race — Nature will find room for 
both the philoBOphical experimenter and the mathematician. 
Faraday entered his protest against the foregoing statement 
by labelling his investigationa "Experimental Researches 
m Electricity." They were completed in 1S54, and three 
voluraes of them have been published. For the sake of 
reference he numbered every paragraph, the laat number 
being 3,363. In 1859 ho collected and published a fourth 
volume of papers under the title, " Experimental Researches 
in Chemistry and Physics." Thus the apostle of experi- 
ment magnified his olEce, 

Tlie second volume of the Researches embraces memoira 
OQ the Electricity of the Gymnotus ; on the Source of Power 
in the Voltaic Pile ; on the Electricity evolved by the Friction 
of Water and St«ani, in which the phenomena and principles 
of Sir William Armstrong's Hydro-electric machine are 
described and developed ; a paper on Magnetic Rotations, 
and Faraday's letters in relation to the controversy it 
aroused. The contribution of the most permanent value 
here is tbat on the Source of Power in the Voltaic Pile, By 
it the Contact Theory, pure and simple, was totally over* 
thrown, and the necessity of chemical action to the main- 
tenance of the current demonstrated. 

The third volume of the Researches opens with a me- 
moir entitled, " The Magnetization of Lights and the Illu- 
mination of Magnetic Lines of Force," It ia difficult even 
now to affix a definite meaning to this title; but the dis- 
covery of the rotation of the plane of polarization which it 
announced seems pregnant with great results. The writ- 
ings of William Thomson on the theoretic aspects of the 
discovery ; the excellent electro-dynaraio measurements of 
Wilhelm Weber, which are models of experimental com- 
pleteness and skill ; Weber's labors in conjunction with hia 
lamented friend Kohlrausch — above all, the researches of 
Clerk Maxwell on the Electro-magaetic Theory of Dghth— 



point to that wonderful and mjsterioua medium wliich is 
the rehiule of light and radiant heat as the probable basis 
also of magnetic and electric phenomena. The hope of 
such a combination was first raised by the discovery here 
referred to.' Faraday himself seemed to cling with partic- 
ular affection to this discovery. He felt that there was 
more in it than he was able to imfold. He predicted that 
it would grow in meaning with the growth of science. This 
it has done ; this it is doing now. Its right interpretation 
will probably mark an epoch in scientific history, 

Kapidly following it is the discovery of Diamagnetism, 
or the Kepulsion of Matter by a magnet, Brugmans had 
shown that bismuth repelled a magnetic needJe. Here he 
stopped. Le BaillifT proved that antimony did the same. 
Here he stopped. Seebeck, Becquerel, and others, also 
touched the discovery. Tliese fragmentary gleams excited 
a momentary curiosity, and were almost forgotten, when 
Faraday, independently, ahghted on the same facts ; and, 
instead of stopping, made thcai the inlets to a new and 
vast region of research. The value of a discovery is to he 
measured by the intellectual action it calls forth ; and it 
was Faraday's good fortune to strike such lodes of scientific 
truth as give some of the best intellects of the age occupa- 

The salient quality of Faraday's scientific character re- 
veals itself from beginning to end of tliese volumes : a union 

' A Icller addressed to me bj Profeaaoc Weber, on tbo 18th of Ust 
Harcli, coDtains tbcfoUowiog reference to the courectiaa here menlioneil : 
" Die Hofllinng einer solcben Combination ist durch Famdnj's Enldecknng 
dtr Drehung der FoUrisationsebcno dureli magnetiacbe Dircctionskniil 
luerst, und aodann durch die UebenHnfltimmung dei^'enigen Qeachwindig- 
Sf^it, velcho das YerbaltDiea dec electro-dynamUchen Einlieit mr electro- 
■tatiscbcn ansdruckl, mit der Geechwindigkeit dcB LIcbIa sngercgt 
worden ; and mir flcbcint von alien Verauchen, welelie air TerwirkUcbnng 
dipapr Hoflbnng gomacht worden sind, daa von noma MaiweU gemachl« 
m erTolgreiehsteD." 
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of ardor atid patience — ^the one prompting the attack, the 
otlier holding him on to it till defeat was final or victory- 
assured. Certainty in one sense or the other was necessary 
is peace o£ mind. The right method of investigation 
is, perhaps, incommunicable ; it depends on the individual 
rather than on the system, and the mark is missed when 
Faraday's researchea are pointed to as merely illustrative 
of the power of the inductive philosophy. The brain may 
be filled with that philosophy, but without the energy and 
insight which this man possessed, and which with him were 
personal and distinctive, we should never rise to the level 
of his achievements. His power is thatof individual genius, 
rather than of philosophic method ; the energy of a strong 
Boul expressing itself after its own fashion, and acknowl- 
edging no mediator between it and Nature. 

The second volume of the " life and Letters," like the 
first, is an historic treasury as regards Faraday's work and 
character, and his scientific and social relations. It contains 
letters from Humboldt, Herschel, Hachette, De la Rive, Du- 
mas, Liebig, Melloni, Becquerel, Oersted, Plllcker, Du Bois- 
Reymond, Lord Melbourne, Prince Louis Napoleon, and many 
other distinguished men. I notice with particular pleasure 
B letter hvta Sir John Herschel in reply to a sealed packet 
addressed to him by Faraday, but which he had permission 
to open if ho pleased. The packet referred to one of the 
many unfulfilled hopes which spring up in the mind of fer- 

■ Gro on and prosper, ' from strength to strength,' like a 
victor marching with assured step to further conquests ; and 
be certain that no voice will join more heartily in the pieaua 
that already begin to rise, and will speedily swell into a 
shout of triumph, astounding even to yourself, than that of 
J. F W. Herschel." 

As an encourager of the scientific worker, this fine spirit 
b still active. 
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Fiiradfiy'a bcliavior to Melloni in 1835 merits a word of 
notice. The young man was a political exile in Paris. He 
had newly-fashioned and applied the thermo-electric pile, 
and bad obtained with it results of the greatest importance. 
But they were not appreciated. With the sickness of dis- 
appohited hope, Melloni waited for the report of the Com- 
missioners appointed by the Academy of Sciences to exam- 
ine his labors. At length he published his researches in 
the " Annales de Chimie." They thus fell into the bands 
of Faraday, who, discerning at oncR their extraordinary 
merit, obtained for their author the Eumford Medal of the 
Royal Society. A simi of money always accompanies this' 
medal, and the pecuniary help was at this time even more 
essential than the mark of honor to the young refugee. 
Mclloiii's gratitude was boundless : 

" Et vous, monsieur," he writes to Faraday, " qui appai^ 
tenez & une soci^tS A laquelle je n'avais rien offert, vous qui 
me connaissiez d peine le nom ; vous n'avez pas demanrifi 
si j'avais des ennemis faibles ou puissants, ni calculS quel 
en fitait le nombre ; mais vous avez parl6 pour I'oppriine 
fitranger, pour celui qui n'avait pas le moindre droit & tant 
de bienveillance, et vos paroles ont 6t6 accueillies favorable- 
ment par des collogues consciencieux I Je recomiais bien 
U des hommes dignes de leur noble mission, les vfiritablea 
reprteentanta de la science d'un pays libre et gfinfireus." 

Within the prescribed limits of this article it would bo 
impossible to give even the slenderest summary of Fara- 
day's correspondence, or to carve from it more than the 
merest fragments of his character. His letters, written to 
Lord Melbourne and others in 1836, regarding his pension, 
illustrate his uncompromising independence. Tlie Prime 
Minister had offended him, but assuredly the apology de- 
manded and given was complete. I think it certain that, 
notwithstanding the very full account of this transaction 
given by Dr. Bence Jones, motives and influences were at 
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work which even now are not entirely revealed. The min- 
ister was bitterly attiicked, but he bore the censure of the 
press with great dignity. Faraday, while he disavowed 
having either directly or indirectly furnished the matter of 
those attacks, did not publicly exonerate his lordship. The 
Hon. Caroline Fcis had proved herself Faraday's ardent 
friend, and it was she who had healed the breach between 
the philosopher and the minister. She manifestly thought 
that Faraday ought to have come forward in Lord Mel- 
bourne's defence, and there is a flavor of resentment in one 
of her letters to him on the subject. No doubt Faraday had 
good grounds for his reticence, but they are to me unknown. 

In 1841 his health broke down utterly, and he went to 
Switzerland with his wife and brother-in-law. Hia bodily 
vigor soon revived, and he accomplished feats of walking 
respectable even for a trained mountaineer. The pubbshed 
extracts from his Swiss journal contain many beautiful and 
touching allusions. Amid referenees to the tints of the 
Jungfrau, the blue rifts of the glaciers, and the noble Niesen, 
towering over the Lake of Thun, we come upon the charm- 
ing little scrap wliich I have elsewhere quoted : " Clout-nail 
making goes on here rather considerably, and is a very neat 
and pretty operation to observe. I love a smith's shop, and 
any thing relating to smithery. My father was a smith." 
This is from bis journal ; but he is unconsciously speaking 
to somebody — perhaps to the world. 

His descriptions of the Staub-bach, Giessbach, and of 
the scenic effects of sky and mountain, are all fine and sym- 
pathetic. But amid it all, and in reference to it all, he tells 
his sister that "true enjoyment is from within, not from 
■without," In those days Agassiz was living under a slab 
of gneiss on the glacier of the Aar. Faraday wet Forbes 
it the Grimsel, and arranged with him an excursion to the 
"Hfitel des Neuchatelois;" but indisposition put the pro- 
ject out. 
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From tlie Fort of Ham, in 1843, Faraday received a B 
ter addressed to him by Prince Louis Napoleon Bonaparte. 
He read this letter to mo many years ago, and the desire, 
shown in various ways by the French Emperor, to turn 
modern science to acoount, Iios often reminded me of it 
since. At the age of thirty-five the prisoner of Ham speaks 
of "rendering his captivity less sad by studying the great 
discoveries " which science owes to Faraday ; and he asks 
a question which reveals his cast of thought at the time : 
" What is the most simple combination to give to a voltaic 
batteiy, in order to produce a spark capable of setting fire 
to powder under water or under ground?" Should the 
necessity arise, the French Emperor will not lack at the 
outset the best appliances of modern science; while we, I 
fear, shall have to loam the magnitude of the resources we 
are now neglecting amid the pangs of actual war." 

One turns with renewed pleasure to Faraday's letters 
to his wife, published in the second volume. Here surely 
the loring essence of the man appears more distinctly than 
anywhere else. From the house of Dr. Percy, in Birming- 
ham, he writes thus : 

"Here — even here — the moment I leave the table I 
wish I were with you in qutet. Oh, what happiness-a 
ours t My runs into the world in this way only serrfla 
make me esteem that happiness the more." 

And again ■ 

" We have been to a grand conversazione in the town- 
hall, and I have now returned to my room to talk with you, 
as the pleasautest and happiest thing that I can do. Noth- 
ing rests me so much as communion with you. I feel it 
even now as I write, and catch myself saymg the words 
aloud as I write them." 

' The " auience " baa eiaee been applied with astonishing effect bj 
tliole wlio bad studied it far more Ilioraugblj than the Emperor of th* 
French. 
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Take this, moreover, as indicative of hia love for Na- 

" After writing, I walk out In the eveniDg liand-in-hand 
with mj dear wife to enjoy the simaet ; for to me who love 
scenery, of all that I have seen or can see there is none 
surpasses that of heaven. Ag-lorious sunset brings with it 
a thousand thougfits that delight me." 

Of the numberless lights thrown upon him by the " Life 

iand Letters," some Ml upon hia religion. In a letter to a 
lady he describes himself as belonging a " a very small and 
despised sect of Christians, known, if known at all, as Sanr 
demanians, and our hope is founded on the faith that is in 
Christ," He adds : "I do not think it at all necessary to 
tie the study of the natural sciences and religion together, 
and in my intercourse with my fellow-creatures, that which 
is religious, and that which is philosophical, have ever been 
two distinct things." He saw clearly the danger of quit- 
ting hia moorings, and his science became the eafegnjard 
s particular faith. For hia investigations so filled hia 
mind as to leave no room for skeptical questionings, thus 
I shielding from the assaults of philosophy the creed of his 
I youth. Hia religion was constitutional and hereditary. It 
' -was implied in the eddies of his blood and in the tremors 
of hia brain ; and however its outward and visible form 
might have changed, Faraday would still have possessed 
its elemental constituents — awe, reverence, truth, and love. 
It is worth inquiring how so profoundly religious a mind, 
I and so great a teacher, would be likely to regard our pres- 
I ent discussiono oa the subject of education. Faniday 
would be a "secularist" were he now alive. He had no 
sympathy wiiV those who contemn knowledge unless it be 
accompanied by dogma. A lecture dcUvored before the 
City Philoso^ihical Society in 1818, when he was twenty- 
[ eix years of age, expresses the views regarding education 
I which ho entertained to the end of bis life. " First, then," 
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he says, "all theological consideratiouB are banished 
the society, and of course from my remarks ; and whatever 
I may say has no reference to a future state, or to the meana 
which are to be adopted iu this world in anticipation of it 
Next, I have no intention of substituting any thing for re- 
ligion, but I wish to take that part of human nature which 
is independent of it; MoraUty, philosophy, commerce, tin 
various institutions and habits of society, are independent 
of rehgion, and may exist either with or without it. 
are always the same, and can dwell alike in the breasts 
those who from opinion are entirely opposed in the set 
principles they include in the term religion, or in those 
have none, 

"To discriminate more closely, if possible, I will ob^' 
serve that we have no right to judge religious opinions, but 
the human nature of this evening is that part of man which 
we have a right to judge; and I think it will be found, on 
examination, that this humanity- — as it may perhaps be 
called — will accord with what 1 have before described as 
being in our own hands so improvable and perfectible." 

Among my old papers I find the following remarks on 
one of my earliest dinners with Faraday : " At two o'clock 
he came down for me. He, his niece, and myself formed 
the party. ' I never give dinners,' he said. ' I don't knoi 
how to give dinners, and I never dine out. But I sh'i 
not like my friends to attribute this to a wrong cause. 
net thus for the sake of securing time for work, and not 
through religious motives, as some imagine.* He said 
grace. I am almost ashamed to call his prayer a ' saying ' 
of grace. In the language of Scripture, it might be de- 
scribed as the petition of a son, into whose heart God hajl 
sent the Spirit of His Son, and who with absolute trust 
asked a blessing from his father. We dined on roast bee^ 
Forksh ire pudding, and potatoes; drank sherry, talked of 
research and its requirements, and of his habit of keeping; 
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himself free from the distractions of society. He was bright 
and joyful — boylike, in fact, though be ia now sixty-two. 
His work excites admiration, but contact with him .wuithb 
and elevates the heart. Here, surely, is a strong man. I 
love strength, but let me not forget the example of its 
union witji modesty, tenderness, and sweetness, in the char- 
acter of Faraday." 

Faraday's progress in discovery, and the salient points 
of his character, are well brought out by the wise choice of 
tetters and extracts published in these volumes, I will not 
oall the labors of the biographer final. So great a chat^ 
aoter will challenge reconstruction. In the coming time 
some sympathetic spirit, with the requisite strength, knowl- 
edge, and solvent power, will, I doubt not, render these 
materials plastic, give them more perfect organic form, and 
send through them, with less of interruption, the currents 
of Faraday's life. " He was too good a man," writes his 
present biographer, " for mo to estimate rightly, and too 
great a philosopher for me to understand thoroughly." 
That may be, but the reverent affection to which we owe 
the discovery, selection, and arrangement of the materials 
here placed before us, is probably a surer guide than mere 
literary skill. The task of the artist who may wish in 
fitture times to reproduce the real though unobtrusive 
grandeur, the purity, beauty, and childlike simplicity of 
him whom we have lost, will find his chief treasury already 
provided for lilra by Dr. Bence Jones's labor of love. 
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ELEMENTARY LECTURE ON MAGNETISM. 

ADDBE8B TO THE TEACHEB8 OF FRDCABT SCHOOLS AT THE BOITTB 

KEirBDfOTON ICUBEUM. 

April 30, 1861. 



" Next in order I will proceed to dlBOUss by what law of Nature H 
somes to pass that iron can be attracted by that stone which the Greeks 
call the Magnet from the name of its natiye place, because it has its origin 
within the bounds of the country of the Magnesians. This stone is more 
wondered at because it often produces a chain of [iron] rings hanging 
down from it. Thus you may see five and more suspended in suoceesion 
and tossing about in the light airs, one always hanging from the other 
and attached to its lower side, and each in turn one from the other ex- 
periencing the binding power of the stone : with such a continued cur- 
rent its force flies through alL 

** In things of this kind, many things must be established before you 
can assign the true law of the thing in question, and it must be ap- 
proached by a very circuitous road ; wherefore all the more I coll for an 
Attentive ear and mind." — ^Lucretius, De Rerum Nixbirck^ Lib. YL, 
Munro's Translation, p. 817. 

This lecture is a plain statement of the elementary facts of magnet- 
ism, of one magnetic theory, and of the methods to be pursued m master- 
ing both. It has already circulated among the teachers mentioned on its 
title-page, and I had some doubts as to the propriety of its insertioD 
here. But, on reading it, it seemed so likely to be helpful, that my 
scruples disappeared. ' J. T. 
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A LEGTUME ON MAGNETISM, 

We have uo reason to believe that tiie sliecp or the dog, 
or, indeed, any of the lower animals, feel an interest in the 
laws by which natural phenomena are regulated. A herd 
may be terrified by a thnndei^storm ; birds may go to roost, 
and cattle return to their stalls during a solar eclipse ; but 
neither bu-ds nor cattle, as far as we know, ever think of 
inquiriug into the causes of these things. It is otherwise 
with man. The presence of natural objects, the occurrence 
of natural events, the varied appearances of the universe in 
which he dwells, penetrate beyond his organs of sense, and 
appeal to an inner power of which the senses are the mere 
instruments and excitants. No fact is to him either iinal 
or original. He cannot hmit himseK to the contemplation 
of it alono, but endeavors to ascertain its position in a 
series to which the constitution of bis mind assures him it 
must belong. He regards all that he witnesses ia the 
present as the efflux and sequence of something that has 
gone before, and as the source of a system of events which 
ia to follow. The notion of spontaneity, by whicK in hia 
ruder state he accounted for natural events, is abandoned; 
the idea that Nature is an aggregate of independent parts 
also disappears, as the connection and mutual dependence 
pf physical powers become more and more manifest: until 
he is finally led, and that chiefly by the science of which 
I happen tltis evening to be the exponent, lo regard 
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Niiture as an organic whole, as a body eacli of whose' 
members sympatbizes with the rest, changing, it ia true, 
from ages to ages, but without one real break of conUauity, 
or a single interruption of the fixed relations of cause and. 

The system of things which we call Nature is, howi 
too vast and various to be studied firsthand by any 
mind. As knowledge extends there is always a tendency 
to subdivide the field of investigation, its various parts be- 
ing taken up by different individuals, and thus receiving a 
greater amount of attention than could possibly be bcstow^ed, 
on them if each investigator aimed at the mastery of 
whole. East, west, north, and south, the human miaS 
pushes its conquests ; but the centripetal form in which 
knowledge, as a whole, advances, spreading ever wider on 
ail sides, is due in reality to the exertions of individuals, 
each of whom directs his efi'orta, more or less, along a singldj 
line. Accepting, in many respects, his culture from 
fellow-men, taking it from spoken words and from writt 
books, in some one direction, the student of Nature i 
actually touch his work. He may otherwise be a 
tributor of knowledge, but not a creator, and faila to atl 
that vitahty of thought and correctness of judgment wl 
direct and habitual contact with natural truth can all 
impart. 

One large department of the system of Nature wl 
forms the chief subject of my own studies, and to which it 
is my duty to cail your attention this evening, is that of 
physics, or natural philosophy. This term is large enough 
to cover the study of Nature generally, but it is usually 
restricted to a department which, perhaps, lies closer to 
our perceptions than any other. It deals with the pb»- 
nomeua and laws of light and heat — with the phenomena, 
and laws of magnetism and electricity — with those of 
sound — with the pressures and motions of liquidi 
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gases, ■whether in a, state of tranrfation or of undulation. 
The science of mechanics is a portion of natural pbiloaophy, 
though at present so large as to need the exclusive atten- 
tion of him who would cultivate it profoundly. Astronomy 
is the apphcation of physics to the motions of the heavenly 
bodies, the vastness of the field causing it, however, to be 
regarded as a department in itself. In chemistry physical 
agents play important parts. By heat and light we cause 
bodies to combine, and by heat and light we decompose 
them. Electricity tears asunder the locked atoms of com- 
pounds, through their power of separating carbonic acid into 
jta constituents ; the solar beams build up the whole vego- 
table world, and by it the animal, while the toucli of the 
Belf-same beams causes hydrogen and chlorine to unite with 
Budden explosion and form by their combination a powerful 
acid. Thus physics and chemistry intermingle, physical 
agents being employed by the chemist as a means to an 
end ; while in physics proper the laws and phenomena of 
the agents themselves, both qualitative and quantitative, 
are the primary objects of attention. 

My duty here to-night is to spend an hour in telling how 
this subject is to be studied, and how a knowledge of it is 
to be imparted to others. When first invited to do this, I 
hesitated before accepting the responsibility. It would be 
easy to entertain you with an account of what natural phi- 
losophy has accomplished. I might point to those applica- 
tions of science regarding which we hear so much in the 
newspapers, and which we often find mistaken for science 
itsel£ I might, of course, ring changes on the steam- 
engine and the telegraph, the electrotype and the photo- 
graph, the medical applications of physics, and the million 
other inlets by which scientific thought filters into prac- 
tical life. That woiild be easy compared with the task 
of informing you how you are to make the study of physics 
(he instrument of your own ciJturc, how you are to pos- 
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BCBS its facts and make thRm living seeds whicli eliali 
tuke root and grow in the mind, and not lie like dead 
lumber ia tlie store-house of memory, Tliia is a task much 
heavier than the mere cataloguing of scientific achiete- 
ments ; and it ia one which, feeling my own want of time 
and power to execute it aright, I might well hesitate to 
accept 

But let me sink excuaea, and attack the work to the 
beat of my ability. First and foremost, then, I would ad- 
vise you to get a knowledge of facts from actual observa- 
tion. Facta looked at directly are vital; when they pass 
iato words half the sap is taken out of them. You wish, 
for example, to get a knowledge of magnetism ; well, pro- 
vide yourself with a good book on the subject, if you can, 
but do not be content with what the book tells you ; do 
not be satisfied with its descriptive woodcuts ; see the 
actual thing youraelt HaK of our book-writers describe 
experiments which they never made, and their descrip- 
tions often lack both force and truth ; but no matter how 
clever or conscientious they may be, their written words 
cannot supply the place of actual observation. Every fact 
has numerous radiations, which are shorn oiF by the man 
who describes it. Go, then, to a philosophical instrument- 
maker, and give, according to your means, for a straight 
bar-magnet, say, half a crown, or, if you can afford it, five 
shillings for a pair of them ; or get a smith to cut a length 
of ten inches from a bar of steel an inch wide and half an 
inch thick; file its ends decently, harden it, and get aome* 
body like myself to magnetize it. Two bar-magnets are 
better than one. Procure some darning-needles such as 
these. Provide yourself also with a little unspun silk; 
which will give you a suspending fibre void of torsion; 
make a little loop of paper or of wire, thus, and attach your 
fibre to it Do it neatly. In the loop place your darning" 
needle, and bring the two ends or poles, as they are calledi , 
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of your magQct successively up to either end of the needle. 
Both the poles, you find, attract both ends of the needle. 
Replace the needle by a bit of annealed iron wire, the same 
effects ensue. Suspend successively little rods of lead, 
copper, silver, or brass, of wood, glass, ivory, or whalebone ; 
the magnet produces no sensible effect upon any of these 
substances. Yon thence infer a special property in the 
case of steel and iron. Multiply your experiments, how- 
ever, and you will find that some other substances besides 
iron are acted upon by your magnet. A rod of the metal 
nickel, or of the metal cobalt, from which the blue color 
used by painters is derived, exhibits powers similar to those 
observed with the iron and steel. 

In studying the character of the force you may, how- 
ever, confine yourself to iron and steel, which are always 
at hand. Make your experiments with the daming-ncedlp 
over and over again ; operate on both ends of the needle ; 
try both ends of the magnet. Do not think the work stu- 
pid ; you are conversing with Nature, and must acquire a 
certain grace and mastery over her language ; and these 
practice can alone impart. Let every movement be made 
Trith care, and avoid slovenliness from the outset. In every 
one of your experiments endeavor to feel the responsibility 
of a moral agent. Experiment, as I have said, is the lan- 
l^ge by which we address Nature, and through which she 
Bends her replies ; in the use of this language a lack of 
Btraightforwardnesa is as possible and as prejudicial as in 
the spoken language of the tongue. If you wish to become 
acquainted with the truth of Nature, you must from the first 
resolve to deal with her sincerely. 

Now remove your needle from its loop, and draw it from 
■ end to end along one of the ends of the magnet ; rosuspend 
It, and repeat your former experiment. You find the result 
1 Jiffercot. You now find that each extremity of the magnet 
.tttraota one end of the needle and repels the other. The 
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simple attraction observed in the first instance is 
placed by a dual force. Repeat the experiment till yottj 
have thoroughly observed the ends which attract and thoB» 
which repel each other. 

Withdraw the magnet entirely from the vicinity of your 
needle, and leave the latter freely suspended by ita fibre. 
Shelter it as well as you can from currents of air, and if 
you have iron buttons on your coat or a steel penknife in 
your pocket, beware of their action. If you work at night, 
beware of iron candlesticka, or of brass ones with iron rods 
inside. Freed from such disturbances, the needle takes up 
a certaui determinate position. It sets its length nearly 
north and Houtii. Draw it aside from this position and let 
it go. After several oscillations it will again come to it. 
If you have obtained your magnet from a pliilosophical-in- 
strument maker, you will see a mark on one of its ends. 
Supposing, then, that you drew your needle along the end 
thus marked, and that the eye-end of your needle was the 
last to quit the magnet, you will find that the eye turns to 
the south, the point of the needle turning toward the noi 
Make sure of this, and do not take tliis statement on 
authority. 

Now take a second darning-needle like the first, amli 
magnetize it in precisely the same manner : freely sua* 
pended it also will turn its point to the north and ita eye 
to the south. Your next step is to examine the action of 
the two needles which you have thus magnetized upon 
other. 

Take one of them in your hand, and leave the othei 
pended ; bring the cyo-end of the former near the eye-end 
of the latter ; the suspended needle retreats : it is repelled. 
Make the same experiment with the two points, you obtain 
the same result, the suspended needle is repelled. 
cause the dissimilar ends to act on each other — you 
attraction — point attracts eye and eye attracts point. 
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ihe reciprocitj of this action by removing the suspended 
needle, and putting the other in its place. You obtain the 
same result The attraction, then, is mutual, and the re- 
pulsion is mutual, and you have thus demonstrated in the 
clearest manner the fundamental law of magnetism, that 
like poles repel, and that unlike polea attract each other. 
You may say that this is all easily understood without do 
ing; but do it, and your knowledge will not be confined to 
what I have uttered here, 

I have said that one end of your magnet has a mark 
upon it ; lay several silk fibres together, so as to get suffi- 
cient strength, or employ a thin silk ribbon, and form a loop 
large enough to hold your magnet. Suspend it ; it turns 
its marked end toward the north. This marked end is that 
which in England is called tlie north pole. If a common 
smith has made your magnet, it will be convenient to deter- 
mine its north po!e yourself, and to mark it with a file. 
You vary yonr experiments by causing your magnetized 
darning-needle to attract and repel your large magnet ; it 
ia quite competent to do so. In magnetizing the needle, I 
have supposed the eye-end to be the last to quit the marked 
end of the magnet ; that end of the needle is a south pole. 
Tlie end which last quits the magnet is always opposed in 
polarity to the end of the magnet with which it has been in 
contact. Brought near each other they mutually attract, 
and thus demonstrate that thoy are unlike poles. 

You may perhaps learn all this in a single hour ; but 
Bpend several at it, if necessary ; and remember, under- 
standing it is not sufficient: you must obtain a manual 
aptitude in addressing Nature. If you speak to your fellow- 
man, you are not entitled to use jargon. Bad experiments 
are jargon addressed to Nature, and just as much to be dep- 
recated. A manual dexterity in illustrating the interaction 
of magnetic poles ia of the utmost importance at this stage 
of your progress, and you must not neglect attaining this 
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power over jour implements. As you proceed, moreover, ' 
yoii wiU be tempted to do moretbanlcan possibly suggest. 
Thoughts will occur to you which you will endeavor to fol- 
low out; questions will arise which you will try to answer. 
The same experiment may be twenty things to twenty 
people. Having witnessed the action of pole on pole 
through the air, you will perhaps try whether the magnetio 
poweris not to be screened o£ You use plates of glass, 
wood, slate, pasteboard, or gutta-percLa, but find them all 
pervious to tliia wondrous force. One magnetic pole acts 
upon another through these bodies as if they were not 
present. And should you become a patentee for the regu- 
lation of ehips' compasses, you will not fall, as some pro- 
jectors Lave done, into the error of screening off the mag- 
netism of the ship by the interposition of such substances. 

If you wish to teach a class you must contrive that the 
effects which you have thus far witnessed for yourself shall 
be witnessed by twenty or thirty pupils. And here your 
private ingenuity must come into play. You vrill attach 
bits of paper to your needles, so as to render their move- 1 
ments visible at a distance, denoting the north and s 
poles by different colors, say green and red. You may a 
improve upon your darning-needle. Take a strip of sheet 
steel, the rib of a lady's stays will answer, heat it to vivid 
., redness and plunge it into cold water. It is thereby hard- 
ened, rendered, in fact, almost as brittle as glas 
inches of this, magnetized in the manner of the c 
needle, will be better able to carry your paper indexes 
Having secured such a atrip, you proceed tlius: 

Magnetize a small sewing-needle and determine its 
poles ; or, break half an inch or an inch off your magnetized 
darning-needle, and suspend it by a fine silk fibre. The 
eewing-necdle or the fragment of the darning-needle is now 
to be used as a test-.ieedle to csamine the distribution ol 
the magnetism in your strip of steel. Hold the strip up 
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right in youi left hand, and cause the teat-needle to ap- 
proach the lower end of your strip ; one end is attracted, 
the other is repelled. Raise your needle along the strip ; 
its oscUIations, which at first were quick, become slower; 
opposite the middle of the strip they cease entirely ; neither 
end of the needle ia attracted ; above the middle the testr 
needle turns suddenly round, its other end being now at- 
tracted. Go through the experiment thoroughly ; you thus 
leam that the entire lower half of the strip attracts one end 
of the needle, while the entire upper half attracts the oppo- 
site end. Supposing the north end of your little needle to 
be that attracted below, you infer that the entire lower half 
of your magnetized strip esliibits south magnetism, while 
the entire upper haK exhibits north mag^netism. So far, 
then, you have determined the distribution of m.agi!ctiam in- 
your strip of steel. 

You look at this fact, you liiink of it ; in its suggcstive- 
ness the value of the experiment chiefly consists. The 
thought arises, " What will occur if I break my strip of 
Bteel across in the middle ? Sliall I obtain two magnets, 
each possessing a single pole?" Try the experiment; 
break your strip of steel, and test each half as you tested 
the whole. The mere presentation of its two ends in suc- 
cession to your test-needle suffices to show you that you 
have not a magnet with a single pole, that each half pos- 
BesBea two poles with a neutral point between them. And 
if you again break the half into two other halves, you will 
find that each quarter of the original strip exhibits precisely 
the same magnetic distribution as the strip iteelf. You 
may continue the breaking process ; no matter how BmaU 
your fragment may be, it still possesses two opposite poles 
and a neutral point between them. Well, your hand ceases 
to break where breaking becomes a mechanical impossi- 
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it in fact; your thoughts wander amid the very atoms of 
your steel, and you conclude that each atom is a magnet, 
and that the force exerted by the strip of steel is the mere 
Bummation or resulbint of the forces of its ultimate par- 
ticles. 

Here, then, is an exhibition of power which we can oait 
forth or cause to disappear at pleasure. We magnetize our 
strip of steel by drawing it along the pole of a magnet; 
we can demagnetize it, or reverse its magnetism, by prop- 
erly drawing it along the same pole in the opposite direo- 
tion. What, then, is the real nature of this wondrous 
change ? What is it that takes place among the atoms of 
the steel when the substance is magnetized? The question 
leads us beyond the region of sense, and into that of imagi- 
nation. This faculty, indeed, is the divining-rod of'the man 
of scienca Not, however, an imagination which catches 
its creations from the air, but one informed and inspired by 
facts, capable of sei3ing iirmly on a physical inaage aa a 
principle, of discerning its consequences, and of devising 
means whereby these forecasts of thought may be brought 
to an experimental teat If such a principle be adequate to 
account for all the phenomena, if from an assumed cause 
the observed facts necessarily follow, we call the assump- 
tion a theory, and, once possessing it, we can not only re- 
vive at pleasure facts aheady known, but we can predict 
others which we have never seen. Thus, then, in the prose- 
cution of physical science, our powers of observation, mem- 
ory, imagination, and inference, are all drawn upon. We 
observe fects and store them up ; imagination broods upon 
these memories, and by the aid of reason tries to discern, 
their interdependence. The theoretio principle flashes, 
slowly dawns upon the mind, and then the deductive fiMK? 
ulty interposes to carry out the principle to its logical con- 
sequences. A perfect theory gives dominion over natural 
bets; and even an assumption which can only partially 
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staud the test of a comparison with fects, may be of emi- 
nent use in enabling us to connect and classify groups of 
plienomena. The theory of magnetic fluids is of this latter 
charactfer, and with it we must now make ourselves fiirailiar. 

With the view of stamping the thing more firmly on 
your minds, I will make use of a strong' and vivid imago. 
In optics, red and green are called complementary colors; 
their mixture produces white. Now I ask you to imagine 
each of these colors to possess a self-repulsive power; that 
red repels red, and that green repels green ; but that red 
attracts green and green attracts red, the attraction of the 
dissimilar colors being equal to the repulsion of the similar 
ones. Imagine the two colors mixed so as to produce 
white, and suppose two strips of wood painted with this 
white; what will be their action upon each other? Sus- 
pend one of them freely as we suspended our darning- 
needle, and bring the other near it ; what will occur ? The 
red component of the strip yon hold in your hand will re- 
pel the red component of your suspended strip, but then it 
will attract the green ; and the forces being equal they neu- 
tralize each other. In fact, the least reflection shows you 
that the strips will be as indifferent to each other as two 
im magnetized darning-needle a would be under the same 
circumstances. 

But suppose, instead of mixing the colors, we painted 
one half of each strip irom centre to end red, and the other 
half green, it is perfectly manifest that the two strips would 
now behave toward each other exactlv as our two magnet- 
ized darning-needles — the red end would repel the red and 
attract the green, the green would repel the green and at- 
tract the red ; bo that, assuming two colors thus related to 
each other, we could by their mixture produce the neutral- 
ly of an unmagnetized body, whOe by their separation we 
«)uld produce the duality of action of magnetized bodies. 

But you have already anticipated a defect in my con- 
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ception ; ibr if we break one of our etrips of wood ia Iha 
middle we have one half entirely red and the other entirely 
green, and with these it would be imposaihie to imitate the 
action of our broken magnet. How, then, must we modify 
our coace]ition ? We must evidently suppose each atom 
of wood painted green on one face and red on the opposit 
one. If this were done the residtant action of all the atoi 
would exactly resemble the action of a magnet. Here, also, 
if the two opposite colors of each atom could be caused 
to mix 30 as to produce white, we should have, as before, 
perfect neutrality. 

Substitute in your minds for these two self-repellant 
and mutually attractive colors two invisible self-repellant 
and mutually attractive fluids, which in ordinary steel are 
mixed to form a neutral compound, but which the act of 
magnetization separates from each other, placing iLe oppo- 
site fluids on the opposite faces of each atom, and you have 
a perfectly distinct conception of the celebrated theoiy of 
magnetic fluids. The strength of the magnetism excitedia 
supposed to be proportional to the quantity of neutral fluid 
decomposed. According to this theory nothing is actually 
transferred from the exciting magnet to the excited steeL 
The act of magnetization consists in the forcible separati< 
of two powers which existed in the steel before it 
netized, butwhich then neutralized each other by their 
leacence. And if you test your magnet after it has cxcil 
a hundred pieces of steel, you will find that it has lost 
force — nomore,indeed, thanlshouldlose hadmywords 
a magnetic influence on your minds, as to excite in tbem 4! 
Ktrong resolve to study natural philosophy. I should, In 
fiict, be the gainer by my own utterance and by the reac- 
tion of your strength ; and so also the magnet is the gainer 
by the reaction of the body which it magnetizes. 

Look now to your excited piece of steel ; figure ef 
atom to your minds with its opposed fluids spread over il 
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nentf The fluids, by hypothesis, attract each other; 
^hat, then, keeps them apart? Why do they not iastaotly 
rush together across the equator of the atom, and thus neu- 
tralize each other? To meet this question, philosophers 
have been obliged to infer the existence of a special force 
which holds the fluids asunder. They call it coercive 
force; and it is found that those kinds of eteel which offer 
most resistance to being magnetized, which require the 
greatest amount of coercion to tear their fluids asunder, 
are the very ones which ofler the greatest resistance to the 
reunion of the fluids after they have been once separated. 
Such kinds of steel are most suited to the formation of per- 
manent magnets. It ia manifest, indeed, that without 
coercive force a permanent magnet would not be at all pos- 
eible. 

Youhave not forgotten that, previous to magnetizing your 
daming-oeedle, hotk its ends were attracted by jour mag- 
net ; and that both ends of your bit of iron wire were acted 
upon in the same way. Probably also long before this you 
will have dipped the end of your magcet among iron filings, 
and observed how they cling to it, or into a nail-box, and 
found how it drags the nails after it. I know very well 
that if you are not the slaves of routine, you will have by 
this time done many things that I have pot told you to do, 
and thus multiplied your experience beyond what I have 
indicated. You are almost sure to have caused a bit of 
iron to hang from the end of your magnet, and you have 
probably succeeded in causing a second piece to attach 
itself to the first, a third to the second ; until finally the 
ICbrce has become too feeble to bear the weiglit of more. 
ilf you have operated with naila, you may have observed 
lliat the points and edges hold together with the greatest 
tenacity ; and that a bit of iron clings more firmly to thg 
oomer of your magnet than to one of its flat Buifaces. In 
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short, jou will, in all liielihood, liave enriclied your eijjff-" 
rience in roaDy ways without any special direction from 

Well, the magTiet attracts the nail, and that nail attracts 
a second one. This proves that the nail in contact with 
the magnet has had the magnetic quality developed in it 
by that contact. If it be withdrawn from the magnet, its 
power to attract its fellow-nail ceases. Contact, howerer, 
is not necessary. A sheet of glass or paper, or a space 
of air, may exist between the magnet and the nail ; the 
latter is still magnetized, though, not so forcibly as when 
in actual contact. The nail then presented to the magnet 
is itself a temporary magnet. That end which is turned 
toward the magnetic pole has the opposite magnetism of 
the pole which excites it ; the end most remote from, the 
pole has the same magnetism as the pole itself, and be- 
tw'een the two poles the nail, like the magnet, possesses a 
magnetic equator. 

Conversant as you now are with the theory of magnetic 
finids, you have already, I doubt not, anticipated me in 
imagining the exact "condition of the iron under the in- 
fluence of the magnet. You picture the iron as possessing 
the neutral fluid in abundance, you picture the magnetio 
pole, when brought near, decomposing the fluid ; repelling 
the fluid of a like kind with itself, and attracting the unlike 
fluid ; thus exciting in the parts of the iron nearest to itseli 
the opposite polarity. But the iron is incapable of becoming 
a permanent magnet. It only shows its virtue as long as 
the magnet acts upon it. What, then, does the iron lack 
which the steel possesses? It lacks coercive force. Its 
fluids are separated with ease, but, once the separating 
cause is removed, they flow together again and neutrality 
is restored. Your imagination must be quite nimble in 
picturing these changes. You must be able to sea the 
Quids dividing and reuniting according as the n 
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tiro uglit near or withdrawn. Fixing a definite pole in your 
imagination, you must picture tlie precise arrangement of 
the two fluids with reference to this pole. And you must 
not oniy be well drilled in tbe use of this mental imagery 
yourself, butyoj must be able to arouse the same pictures 
in the minds of your pupils, and satisfy yom-self that they 
possess this power of placing actually before themselves 
magnets and iron in various positions, and describing the 
exact magnetic state of the iron ia each particular case. 
The mere facts of magnetism will baye their interest im- 
mensely augmented by an acquaintance with those hidden 
principles whereon the facts depend. Still, while you use 
this theory of magnetic fluids to track out the phenomena 
and link them together, be sure to tell your pupils that it 
is to be regarded as a symbol merely — a symbol, more- 
over, ■which is incompetent to cover all the facts," but which 
does good practical service while we are waiting for the 
actual truth. 

This state of excitenient into which the soft iron is 
thrown by the influence of the magnet, is sometimes called 
" magnetization by infiuence." More commonly, however, 
the magnetism is said to be " induced " in the soft iron, 
and hence this way of magnetizing is called "magnetic 
induction." Now, there is nothing theoretically perfect in 
Kature : there is no iron so soft as not to possess a certain 
amount of coercive force, and no steel so hard as not to be 
capable, in some degree, of magnetic induction. The 
quality of steel is in some measure possessed by iron, and 
the quality of iron is shared in some degree by Kteel. It is 
In virtue of this latter fact that the uumagnetized daming- 

' This theory breaks doim when applied to diiunagnetio hodlea, wliich 
■re repelled by magncla. Like soft iron, such bodies are thrown into a 
•tnte of temporBry excitement id virtue of which they are repelled, but 
■ny atlflmpt to oiplaln such n repulsion by the decomposition of ? fluid 
will demonBtnle Us own t\itillty. 
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needle was attracted in your first experimcDt; a ad from ■ 
tbia you may at once deduce the consequence that, after the 
atcel has been magnetized, the repulsive action of a magnet 
must be always less than its attractive action. For the 
repulsion is opposed by tbe inductive action of the mag^iet 
on the steel, while the attraction is assisted by the s^ime 
inductive action. Make this clear to your minda, and 
verify it by your eKperlmenta. In some cases you can 
actually make the attraction due to the temporary mag^ 
netism overbalance the rcpidsion due to the permanent 
magnetism, and thus cause t^o poles of the same kind 
apparently to attract each other. When, however, good 
hard magnets act on each other from a. sufGcient distance^ 
the inductive action practically vanisheB, and the repuMoi 
of like poles is sensibly equal to the attraction of unJil^ 



I dwell thus long on elementary principles 
they are of the first importance, and it is the temptation 
of this age of unhealthy cramming to neglect them. Now 
follow me a little further. In examining the distribution 
of magnetism in your strip of steel, you raised the needle 
slowly from bottom to top, and found what we called a 
neutral point at the centre. Now does the magnet really— 
exert no influence on the pole presented to its centreSj 
Utuaaee. 

"Fia. !. 




Let S N, Fig. 1, bo your magnet, aud let n represent a 
particle of north magnetism placed exactly oppcnite f^' 
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tliis is an imaginary case, 
detach, your north mag- 
netism from its neighbor. What is the action of the two 
poles of the magnet on n .*' Your reply will of course be 
that the pole S attracts n while the pole N repels it. 
Let the magnitude and direction of the attraction bo e^ 
pressed by the line n wi, and the magnitude and direction 
of the repulsion by the line n o. Now the particle n being 
equally distant from S and N, the line n o, expressing the 
repulsion, will be equal to m n, which expresses the attrac- 
tion, and the particle n, acted upon by two sucb forces, 
must evidently move in the direction^ w, exactly midway 
between m n and n o. Hence you see that, although there 
is no tendency of the particle n to move toward the mag- 
netic equator, there is a tendency on its part to move 
parallel to the magnet If instead of a particle of north 
magnetism we placed a particle of south magnetism op- 
posite to the magnetic equator, it would evidently be urged 
along the line nq ; and if instead of two separate particles 
of magnetism we place a little magnetic needle, containing 
both north and south magnetism, opposite the magnetic 
equator, its south pole being urged along n q^ and its north 
along n p, the little needle will be compelled to set itself 
parallel to the magnet S N. Make the experiment, and 
itisfy yourselves that this is the case. 

Substitute for your magnetic needle a bit of iron wire, 
devoid of permanent magnetism, and it will set itself ex- 
actly as the needle does. Acted upon by the magnet, the 
wire, as you know, becomes a magnet and behaves as such ; 
it will, of course, turn its north pole toward /», and south 
pole toward q, just like the needle. 

But supposing you shift the position of your particle of 
north magnetism, and bring it nearer to one end of your 
magnet than to the other, the forces acting on the particle 
longer equal ; the nearest cole of the magnet will 
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act more powerfully oq the particle than the more distant 
one. Let S N, Fig, 2, be the magnet aod n the particle 
of north magnetism in its new position. Well, it is 
repelled hy N, and attracted by S. Let the repulsion be 
represented in magnitude and direction by the line n o, 
and the attraction by the shorter line n m. The resultant 
of these two forces will be found by completing the par- 
allelogram mn op, and drawing its diagonal np. Along 
n p, then, a particle of north magnetism would be urged 
by the simultaneous action of S and N, Substituting a 
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particle of south magnetism for n, the same reasoning 
would lead to the conclusion that the particle would be 
urged along n q, and if we place at n a short magnetic 
needle, its north pole will be urged along n p, its south 
pole along n q, and the ouiy position possible to the 
needle, thus acted on, is along the line p q, which, as you 
see, ia no longer parallel to the magnet. Verify this by 
actual experiment. 

In this way we might go round the entire magnet, and 
considering ita two poles as two centres from which the 
force emanates, we could, in accordance with ordinary me- 
chanical principles, assign a definite direction to the mag> 
netic needle at every particular place. And substituting-, 
as before, a bit of iron wire for the magnetic needle, the 
positions of both will be the same. 




A LECTCEE OS MAGN'ETISU. 

Now, I think, without further preface, you will be able 

to comprehend for yourselves, and explain to others, one 

of the most interestino^ effects in the whole domMn of 

magnetism. Iron filings you know are particles of iron, 

irregular in Bhape^ being longer in some directions than in 

others. For the present eiperiment, moreover, instead of 

the iron filings, very small scraps of thin iron wire might be 

employed, I place a sheet of paper over the magnet ; it is 

all the better if the paper be stretched on a wooden frame, 

as this enables us to keep it quite level I scatter the 

filings, or the scraps of wire, Irora a sieve upon tlie paper, 

and tap the latter gently, so as to liberate the particles for 

a moment from its friction. The magnet acts on the filings 

through the paper, and see how it arranges them ! They 

embrace the magnet in a series of beautiful cun'es, which 

are technically called magnetic curves, or lines of magnetic 

force. Does the meaning of these lines yet flash upon 

you ? Set your magnetic ueedle or jour suspended bit of 

wire at any point of one of the curves, and you will find 

the direction of the needle or of the wire to be exactly that 

of the particle of iron, or of the magnetio curve at the 

point. Go round and lound the magnet ; the direction of 

your needle always coincides with the direction of the curve 

on which it is placed. These, then, are the lines along 

I which a particle of south magnetism, if you could detach it, 

I would move to the north pole, and a bit of north magnetism 

I to the south pole ; they are the hnea along which the d& 

n of the neutral fluid takes place, and in the case 

of the magnetic needle, one of its poles being urged in one 

direction, and the other pole in the opposite direction, the 

I needle must necessarily set itself as a tangent to the curvo. 

I I will not seek to simplify this subject further. If there 

I be any thing obscure or confused or incomplete in my 

f statement, you ought now, by patient thought, to be able 

) to dear away the obscurity, to reduce the confusion to 
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order, and to supply wbat is needed to render tlie explana- 
tion complete. Do not quit the subject until you tlio> 
oughly understand it ; and if you are able to look with 
your mind's eye at tbe play of forces around a magnet, and 
see distinctly the operation of those forces in the produo 
tion of the magnetic cuires, the time which we have spei 
together haa not been spent in vain. 

In this thorough manner we must master 
reason upon them, and, by determined study, attain to clear- 
ness of conception. Facts thus dealt with exeroiae an 
expansive force upon the boundaries of thought ; they 
widen the mind to generalization. We soon recognize a 
brotherhood between the larger phenomena of Nature and 
the minute effects which we have observed in our private 
chambers. Why, we inquire, does the magnetic needle set 
north and south ? Evidently it is compelled to do so by 
the earth ; the great globe which we inherit is itself a 
'magnet. Let us learn a httle more about it By means of 
a bit of wax or otherwise attach your silk fibre to your 
magnetic needle by a single point at its middle, the needle 
will thus be iminterfcred with by the paper loop, and will 
enjoy to some extent a power of dipping its point or its 
eye below the horizon. Lay your magnet on a table, and 
hold the needle over the equator of the magnet, 
needle sets horizontal. Move it toward the north end 
the magnet ; the south end of the needle 
augmenting as you approach the north pole, over which 
the needle, if free to move, will set itself exactly vertical. 
Move it back to the centre, it resumes its horizootality ; 
pass it on toward the south pole, its north end now dips, 
Bud directly over the south pole the needle becomes ver- 
tical, its north end being now turned downward. Thus 
we learn that on the one side of the magnetic equator the 
north end of the needle dips ; on the other side the south 
end dips, the dip varying from nothing to ninety degrees. If 



and (, 

do^H 



A LECTURE OS MAGKETISM. 



M we go to the equatorial regionH of iLe earth with a suit- 

r ably-suspeoded needle, we shall find there the position of 

• the needle horizontal. If we sail north, one end of the 

needle dips ; if we sail south, the opposite end dips ; and 

over the north or south terrestrial magnetic pole the needle 

I sets vertical. The south magnetic pole has not yet been 
found, but Sir James Ross discovered tbe north mngnetio 
pole on the lat of Jimo, 1831, In this manner we estab- 
lish a complete parallelism between the action of the earth 
and that of an ordinary magnet. 
The terrestrial magnetic poles do not coincide with the 
geographical ones ; nor does the earth's magnetic equator 
quite coincide with the geographical equator. The direc- 
tion o^tbe magnetic needle in London, which is called the 
t magnetic meridian, encloses an angle of 24 degrees with 
the true astronomical meridian, this angle being called the 
Declination of the needle for London, The north pole of 
the needle now lies to the west of the true meridian ; the 
declination is westerly. In the year 1C60, however, the 
declination was nothing, while before that time it was 
easterly. All this proves that the earth's magnetic con- 
stituents are gradually changing their distribution. Tliia 
change is very slow ; it is technicaUy called the secular 
e, and tlie observation of it has not yet extended over 
I a sufficient period of time to enable us to guess, even ap- 
1 proximately, at its laws. 

Having thus discovered, to some extent, the secret of 
the earth's power, we can turn it to account. I hold in my 
hand a poker formed of good soft iron ; it is now in the 
line of dip, a tangent, in fact, to the earth's line of magnetic 
force. The earth, acting as a magnet, is at this moment 
constraining the two fluids of the poker to separate, making 
the lower end of the poker a north pole, and the upper 
I end a Bouth pole. Mark the experiment : I hold tbe knob 
I DppermoBt, and it attracts the north end of a magnetic 
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needle. I now reverse the poker, bringing its knob undaivH 
most; the knob is now a north pole and attracts the aouth 
end of a magnetic needle. Get such a poker and carefully 
repeat this experiment ; satisfy yourselves that the fluids 
shift their position according to the manner in which the 
poker is presented to the earth. It has already been stated 
that the softest iron poBBesses a certain amount of coercive 
force. The earth, at this moment, finds in this force an aji- 
tagoniat which opposes the full decomposition of the neu- 
tral fluid. The component fluids may be figured as meet- 
ing an amount of friction, or possessing an amount of ad- 
hesion, which prevents tLem from gliding over the atoms 
of the poker. Can we assist the earth in this case ? If we 
wish to remove the- residue of a. powder from the ipterior 
surface of a glass to which the powder clings, we invert 
the glasa, tap it, loosen the hold of the powder, and thus 
enable the force of gravity to puU it down. So also by 
tapping the end of the poker we loosen the adhesion of 
the fluid to the atoms and enable the earth to pull them 
apart. But, what is the consequence? The portion of 
fluid which has been thus forcibly dragged over the atoms 
refuses to return when the poker has been removed 
from the line of dip ; the iron, as you see, has become 
a permanent magnet. By reversing its position and 
tapping it again we reverse its magnetism. A thoughtful 
and competent teacher will well know how to place these 
remarkable facts before his pupUs in a manner which will 
excite their interest ; he will know, and if not, will tiy to 
learn, how, by the use of sensible images, more or less gross, 
to give those he teaches definite conceptions, puri^ng 
these conceptions more and more as the minds of his pupils 
become more capable of abstraction. He will cause his 
logic to run like a line of light through these images, and 
hy thus acting he will cause his boys to march at his 
side with a profit and a joy, which the mere exhibition of 
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" It la well koown tlist a Toltaio current eierta an attractive farce 
apon a second current, floning in tho same direction ; and tliat wben the 
) each other the force eierted is a repulsive one. 
] spirals, Ampere was enabled to make them prodnoa 
1 and r^ulsion eiliibited b; msgneCs, and 
from this it was bnt a step to hia celebmteil theory of molecular onp- 
rents. He supposed the molecules of a magnetic bodj to be surtouoded 
bj such cnrrenta, nhich, however, in the natural atate of the body mu- 
tually neutralized each other, on account of their confused grouping. 
Tlie act of magnetization he supposed to consist is setting these moleca- 
la.r currents parallel to each other; and, stirting from thia principle, ha 
rednccd all the pheoomena of magnetism to the mntiml actiou of electric 

"If we reflect upon the esperimenla recorded in the foregoing pages 
from Erst to lost, we con haidlj fail to bo convinced that diamagnedo 
bodies operated an by magnetic farces possess a polarity " the samo in 
kind as, but tbe reverse in direction of that acquired by magnetic bodies.'' 
But, if thia bo the case, how are wo to conceive the phyacal rmcAanum 
of this polarityf According to Coulomb's and Polsaoa's theory, tho »ct 
of magnolizalioa consists in the decomposition of a neutral mognetlo 
fluid ; tbe north pole of a magnet, for example, poasesaes an attractioD 
fbr the aonth Quid of a piece of soft iron submitted to its inQuencG, draws 
tho said Quid toward it, and witb it the material particles with which the 
fluid is associated. To account for diamagnetio phenomena this theory 
seems to fail altogether ; according to it, indeed, the oft-used phrase, " a 
north pole exciting a north polo, and a south pole a south pole," involves 
a contradiction. For if tbe north fluid be 'supposed to bo allracted tow- 
ard the influencing north pote, It is absard to enppose that its presence 
there oould produce r^ialaion. Tbe theory of Amp&re is Kqaally ata low 
to eiphdn diamagnetic action; for if we suppose the partic-les of biamnth 
surrounded by molecular currents, then, according to all tHit b known 
of cloctro-dynamic laws, these currents would set themselves parallel to, 
and in the same direction aa those of the magnet, and hence naraction, 
■nd not repulsion, would he the Ksult. Tiie faet, howevtr, n1 this not 
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being tlie case proves that tliesft molecular currents are not the mechan- 
ism by which diamagnetic induction is effected. The consciousness of 
thiS) I doubt not, drove M. Weber to the assumption that the phenomena 
of diamagnetism are produced by molecular currents, not dirededy but 
actually excited in the bismuth by the magnet. Such induced currents 
would, according to known laws, have a direction opposed to those of the 
inducing magnet, and hence would produce the phenomena of repulsion. 
To carry out the assumption here nmde, M. Weber is obliged to suppose 
that the molecules of diamagnetic bodies are surrounded by channels, in 
which the induced molecular currents, once excited, continue to flow 
without resistance." — Diamoffnetism and Magne-crystaUic Action^ pp. 136, 
137. 
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Whkn" the student of physical science haa to investigate 
the character of any natural force, his first care must be to 
purify it from the mixture of other forces, and thus study 
its simple action. If, for example, he wishes to know how 
a mass of liquid would shape itself, if at liberty to follow 
the bent of its own molecular forces, he must see that these 
forces have free and undisturbed esercise. We might, per- 
haps, refer him to the dew-drop for a solution of the ques- 
tion; but here we have to do, not only with the action of 
the molecules of the liquid upon each other, but also with 
the action of gravity upon the mass, which pulls the drop 
downward and elongates it. If be would examine the 
problem in its purity, he must do as Plateau has done, de- 
tach the liquid mass from the action of gravity ; be would 
then find the shape to be a perfect sphere. Natural pro- 
cesses come to us in a niised manner, and to the unin- 
fitructed mind are a mass of unintelligible confusion. Sup- 
pose half a dozen of the best musical performers to be placed 
in the same room, each playing his own instrument to per- 
fection, but no two playing the same tune ; though each in- 
dividual instrument might be a source of perfect music, still 
the mixture of all would produce mere noise. Thus it is 
with the processes of Nature. Here mechanical and mo- 
lecular laws intermingle and create apparent confusion. 
Their mixture constitutes what may ba oaUed the noiae of 
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natural laws, and it is tlie vocation of the man of science toi 
resolve this noise into its components, and tlius to detect^ 
the " music " in which the foundations of Nature are laid. 

The necessity of this detachment of one force from all 
other forces is nowhere more strikingly ejdiibited than 
phenomena of crjstallizatioa. Here, for example, is a. so- 
lution of common sulphate of scda or Glauber salt. Look- 
ing into it mentally, ive see the molecules of that liquid, 
like disciplined squadrons under a governing eye, arranging 
themselves into battalions, gathering round distinct centres, 
and forming them selves into solid masses, which after a time 
assume the visible shape of the crystal now held in my hand. 
I may, like an ignorant meddler wishing to hasten matters, 
introduce confusion into this order. This may be done by 
plunging a glass rod into the vessel; the consequent actit 
is not the pure expression of the crystalHne forces 
molecules rush together with the confusion of an unorgan* 
ized mob, and not with the steady accuracy of a disciplined 
host. In this mass of bismuth also we have an example of 
confused crystallization ; but in the crucible behind me a 
slower process is going on: here there is an architect at 
work " who makes no chips, no din," and who is now build- 
ing the particles into crystals, similar in shape and structure 
to those beautiful masses which we see upon the table, Bjt, 
permitting alum to crystallize in this slow way, we obi 
these perfect octahedrons; by allowing carbonate of lii 
to crystalize, Nature produces these beautiful rhomboids; 
when silica crystallizes, we have formed these hexagonal 
prisms capped at the ends by pyramids ; by allowing salt- 
petre to crystallize we have these prismatic masses, and 
when carbon crystallizes, we have the diamond. If we wish 
to obtain a perfect crystal, we must allow the molecular 
forces free play: if the crystallizing mass be permitted to 
rest upon a surface it will be flattened, and to prevent this 
a small crystal must be so suspended as to be surrounded 
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on all aides by tlie liquid, or, if it rest upon tLc suriiice, it 
must be turned daily so as to present all its faces iu succes- 
BioD to the worlflDg builder. 

In building up crystals these little atomic bricks often 
arrange themselves into layers which are perfectly parallel 
to eaeh other, and which can be separated by mechanical 
means ; this is called the cleavage of the crystal. Tlie orys- 
tal of sugar I hold in my hand thus far escaped the solvent 
and abrading forces which sooner or later determine the 
fate of sugar-candy. I readily discover that it cleaves with 
peculiar facility in one direction. Again, I lay my knife 
upon this piece of rock-salt, and with a blow cleave it in 
one direction. Laying the knife at right angles to its 
former position, the crystal cleaves again; and finally, 
placing the knife atright angles to the two formerpositions, 
we find a third cleavage. Rock-salt cleaves in three di- 
rections, and the resulting soHd is this perfect cube, which 
may be broken up into any number of smaller cubes. Ice- 
land spar also cleaves in three directions, not at right angles, 
but oblique to each other, the resulting solid being a rhom- - 
boid. In each of these cases the mass cleaves with equal 
facility in all three directions. For the sake of complete- 
ness I may say that many crystals cleave with unequal fa- 
cility in different directions : heavy spar presents an ex- 
ample of this kind of cleavage. 

Turn we now to the consideration of some other phe- 
nomena to which the term cleavage may be applied. Beech, 
deal, and other woods, cleave with facility along the fibre, 
and this cleavage is most perfect when the edge of the ase 
is laid across the rings which mark the growth of the tree. 
If you look at this bundle of hay severed from a rick, you 
will see a sort of cleavage in it also ; the stalks lie in paral- 
lel planes, and only a small force is required to separate 
them lateraUy. But we cannot regard the cleavage of the 
tree as the same in character as that of the hay-rick. In 
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the one case it is the molecules arranging themselves i 
cording to organic laws which produce a cleavable struct- 
ure, in the other case the easy separation in one direction 
is due to the mechanical arrangement of the coarse sensible 
masses of the stalks of haj. 

This sand-stone rock was once a powder, more or less 
coarse, held in mechanical suspension by water. The pow- 
der was composed of two distinct parts, fine grains of sand 
and small plates of mica. Imagine a wide strand covered bj 
a tide, or an estuary with water which holds such powder ia 
suspension : how will it sink ? The rounded grains of sand 
will reach the bottom first, because they encounter least re- 
sistance, the mica afterward, and when the tide recedes we 
hare the little plates shining like spangles upon the surface 
of the sand. Each successive tide brings its charge of 
mijced powder, deposits ita duplex layer day after day, and 
finally masses of immense thickness are piled up, which by 
preserving the alternations of sand and mica tell the tale 
of their formation. Take the sand and iuica, and mix them 
together in water, and allow them to subside ; they will ar- 
range themselves in the manner iadicated, and by repeating 
the process you can actually build up a mass which shall be 
the exact counterpart of that presented by Nature. Now this 
structure cleaves with readiness along the planes in which 
the particles of mica are strewn. Specimens of such a rock 
sent to me from Halifax, and other masses from tbe quarries 
of Over Darvren in Lancashire, are here before you. With 
a hammer and chisel I can cleave them into flags; indeed^ J 
these flags are employed for roofing purposes in the district%fl 
from which tbe specimens have come, and receive then! 
of " slate-stone." But you will discern without i 
from me, that this cleavage is not a crystalline t 
any more than that of a hay-rick. It is molar, not n 
niar. 

This, 80 far as I am aware o^ has never been imaged 
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and it has been agreed among' geologists not to call such 
Bplttting as this cleavage at all, but to restrict the term to 
a phenomenon of a totally different cbaracter. 

Those who have visited the slate-quarries of Cumberland 
and North Wales ■will have witnessed the pbenomenon to 
which I refer. We have long drawn our supply of roofings 
elates from such quarries ; school-boys ciphered on these 
slates, they were used for tombstones in church-yards, and 
for billiard- tables in the metropolis ; but not until a com- 
paratively late period did men begin to inquire how their 
wonderfiil structure was produced. What is the agency 
which enables us to split Honister Crag, or the cliffs of 
Snowdon, into laminas from crown to base ? This question 
is at the present moment one of the great difficulties of 
geologists, and occupies their attention perhaps more than 
any other. You may wonder at this. Looking into the 
quarry of Penrbyn, you may be disposed to offer the ex- 
planation I heard given two years ago. " These planes of 
deavage," said a friend who stood beside me on the quarry's 
edge, " are the planes of stratification which have been 
lifted by some convulsion into an almost vertical position." 
But this was a mistake, and indeed here lies the grand diffi- 
culty of the problem. The planes of cleavage stand in most 
cases at a high angle to the bedding. Thanks to Sir Roder- 
ick Murchison, I am able to place tlie proof of this before 
joiL Here is a specimen of slate in which both the planes 
of cleavage and of bedding are distinctly marked, one of 
them making a large angle with the other. This is com- 
mon. The cleavage of slates, then, is not a question of 
Btratification ; what, then, is its cause ? 

In an able and elaborate essay published in 1S35, Pro- 
fiwsor Sedgwick proposed the theory that cleavage is duo 
to the action of crystalline or polar forces subsequent to the 
consolidation of the rock. " We may affirm," he says, " that 
no retreat of the parte, no contraction of dimensions in pass- 
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ing to a solid state, can explain such phenomena. They 
appear to me only resolvable on the supposition that ciystal- 
Une or polar forces acted upon the whole masa siiaultane- 
ously in one direction and with adequate force," And again, 
in another place : " Crystalline forces have rearranged whole 
mountain-masses, producing a beautiful crystalline cleavage, 
passing alike through all the strata." ' The utterance of 
euch a man struck deep, as it ought to do, into the minds 
of geologists, and at the present day there are few who do 
not entertain this view either in whole or in part' The 
Doldncsa of the theory, indeed, has, in some cases, caused 
speculation to ma riot, and we have books published on the 
action cf polar forces and geologic magnetism, which rather 
astonish those who know something about the subject. Ac- 
cording to this theory, whole districts of North Wales and 
Cumberland, mountains included, are neither more nor less 
than the parts of a gigantic crystal. These masses of slate 
were originally fine mud, composed of the broken and 
abraded particles of older rocks. They contain silica, alu- 
mina, potash, soda, and mica, mixed mechanically together. 
In the coTu^e of ages the mixture became consolidated, and 
the theory before us assumes that a process of ciystalliza- 
tion afterward rearranged the particles and developed 
a single plane of cleavage. Tiiough a bold, and I think 
admissible, stretch of analogies, this hypothesis has d< 

' 7VanBK*K»w of the Gcolngkid Society, scr. JL ToL iii, p, ill. 

• In a letter to Sir Charles Ljcll, dated from tie Capa of Good Hope 
Fe1>raB.r7 20, 183G, Sir John Qerschel writes its follows : " If rucka hare 
been so heated m to allow of a commen cement of crjstalliKatioD, that is 
to eaj, if the; have been heated to a point at nhicb th^purtictea can be- 
gin to move among tliemselces, or at loast on their own axes, some gen- 
eral law must then deiennine the position in which thesa particles wiD 
rest on cooling. Probably that position will have iomc relation lo the 
direction in which the heat eacapes. Now, when all or a m^orilj of par. 
tides or the same nature bare a general tendency to one poaidon, that 
must of course determine a cleavage plane." 
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good service. Right or wrong, a thoughtfully -uttered 
theory has a dynamic power which operates against intel- 
lectual stagnation ; and even by provoking opposition is 
eventually of service to the cause of truth. It would, how- 
ever, have been remarkable if, among the ranks of geolo- 
gists themselves, men were not found to seek an esplanar 
tion of slate-cleavage involving a less hardy assumption. 

The first step in an inquiry of this kind is to seek facta. 
This has been done, and the labors of Daniel Sharpe (the 
late President of the Geological Society, who, to the loss 
of science and the sorrow of all who knew him, has so sud- 
denly been taken away from us), Mr. Henry Clifton Sorby, 
and others, have furnished us with a body of facts associated 
with slaty cleavage, and having a most important bearing 
upon the question. 

Fossil shells are found in these slate-rocks. I have here 
several specimens of such shells in the actual rock, and oc- 
cupying various positions in regard to the cleavage planes. 
They are squeezed, distorted, and crushed ; in all cases the 
distortion leads to the inference ttat the rock which con- 
tains these shells baa been subjected to enormous pressure 
in a direction at right angles to the planes of cleavage. 
The shells are all flattened and spread out in these planes- 
Compare this fossil trilobite of normal proportions with 
these others which have suffered distortion. Some have ■ 
lain across, some along, and some oblique to the cleavage of 
the slate in which they are found ; but in all cases the dis- 
tortion is such as required for its production a compressing 
force acting at right angles to the planes of cleavage. As 
the trilobites lay in the mud, the jaws of a gigantic vice ap- 
pear to have closed upon them and squeezed them into the 
shapes you see. 

We sometimes find a thin layer of coarse, gritty mate* 
rial, between two layers of finer rock, through which and 
across the gritty layer pass the planes of lamination. The 
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coarse layer is found bent by the pressure iato Binuositioa 
like a, contorted ribbon. Sir. Sorby bas described a striking 
case of this kind. Tliis cruinpling can be experimentally 
imitated ; the amount of compression might, moreoverj be 
roughtly estimated by supposing the contorted bed to be 
stretched out, its length measured and compared with the 
Hhorter distance into which it has been squeezed. We find 
in this way that the yielding of the mass has been conaider* 
able. 

Let me now direct your attention to another proof at 
pressure J you see the varj'ing colors which indicate the 
bedding on this mass of slate. The dark portion is gritly, 
being composed of comparatively coarse particles, which, 
owing to their size, shape, and gravity, sink first and 
stitute the bottom of each layer. Gradually, from bottom 
to top the coarseness diminishes, and near the upper sur- 
face we have a layer of esceediagly fine mud. It is the 
mud thus consolidated from which are derived the Giermaa 
razor-stones, so much prized for the sharpening of surgical 
instruments. When a bed is thin, the fine white mud is 
permitted to rest upon a slab of the coarser slate in contact 
with it : when the bed is thick it is cut into slices, which 
are cemented to pieces of ordinary slate, and thus rendered 
etronger. The mud thus deposited is, as might be eit 
pected, often rolled up into nodular masses, carried for- 
ward, and deposited among coarser material by the rivera 
from which the slate-mud has subsided. Here are Budk 
nodules enclosed in sandstone. Everybody, moreover, who 
has ciphered upon a school-slate must remember the whitisl^ 
green spots which sometimes dotted the surface of tho 
slate, and over which the pencil usually sbd as if the spots 
were greasy. Now these spots are composed of the finee 
mud, and they could not, on account of their fineness, bttg' 
the pencil like the siurounding gritty portions of the slate.. 
Here is a beautiful example of these spots: you observe 
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tliem on the cleavage surface in broad round patcLes. But 
turn the slate edgeways and the section of each nodule is 
seen to be a sharp oval, with its longer axis parallel to the 
cleavage,' This instructive fact has been adduced by Mr, 
Sorby, I have made excnrsionB to the quarries of Wales 
and Cumberland, and to many of the slat^-yards of London, 
and found the fact generaL Thus we elevate a common 
experience of our boyhood into evidence of the highest 
significance as regards a most important geological problem. 
From the magnetic deportment of these slates, I was led to 
infer that these spots contain a less amouat of iron than the 
surrounding dark elate. An analysis was made for me by 
Mr, Hambly in the laboratory of Dr, Percy at the School of 
Mines, with the following result ; 

ANilTSIS OF SLilE. 



Dark Slaie, h 
. Percentage of iron 



I ^nal^sfs. 



WhiCiih-green Blale. 
1. PerceutRge of iron S.24 



Moan 3.1 S 

According to these analyses, the quantity of iron in the 
dark slate immediately adjacent to the greenish spot is 
nearly double the quantity contained in the spot iteelf. 
This is about the proportion which the magnetic experi- 
ments suggested. 

Let me now remind you that the facts brought before 
you are typical — each is the representative of a class. We 
have seen shells crushed ; the unhappy trilobites squeezed, 
beds contorted, nodules of greenish marl flattened ; and all 
these sources of independent testimony point to one and 
the same conclusion, namely, that slate-rocks have been 
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Bubjecteil to cnorraoua pressure ia a direction at right angle* 
to tlie planes of cleavage. 

Iq reference to Mr. Sorby's contorted bed, I have saidl 
tbat by supposing it to be stretched out and its length 
measured, it would give ua an idea of the amount of yield- 
ing of the raaaa above and below the bed. Such a measure- 
ment,however, would not give the exact amount of yielding. 
I hold in my hand a specimen of slate with its bedding 
marked upon it; the lower portions of each layer being 
composed of a comparatively coarse gritty material some- 
thing like what you may suppose the CMntorted bed to be 
composed o£ Now, in crossing these gritty portions, the 
cleavage turns, as if tending to cross the bedding at an- 
other angle. When the pressure began to act, the inter- 
mediate bed, which ■is not entirely unyielding, suffered 
longitudinal pressure ; as it bent, tbe pressure became grad- 
ually °>ore lateral, and the direction of its cleavage ia ex- 
actly such as you would infer from an action of this kind — it 
is neither quite across tbe bed nor yet in the same directioD 
as the cleavage of tbe slate above and below it, but intei^ 
mediate between both. Supposing the cleavage to be 
right angles to the pressure, this is the direction which 
ought to take across these more unyielding strata. 

Thus we have estabhshed the concurrenco of the 
Domena of cleavage and pressure — that they 
each other; but the question still remains. Is the pressuio' 
suificient to acoouiit for the cleavage ? A single geologist, 
as far as I am aware, answers boldly in the affirjuative. 
This geologist is Sorby, who has attacked the question in 
the true spirit of a physical investigator. Call to mind tha 
cleavage of the flags of Halifas and Over Dar\ven, which is 
caused by the interposition of layers of mica betv.'een the 
gritty strata. Mr. Sorby finds plates of mica to be also a 
constituent of slate-rock. He asks himself, what will be 
the effect of pressure upon a mass containing such platai' 
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confusedly mixed up in it? It will be, he argues, and he 
argues rightly, to place the plates with their flat surfaces 
more or less perpendicular to the direction in which the 
pressure is exerted. He takes scales of the oxide of iron, 
mixes them with a fiae powder, and on squeezing the mass 
finds that the tendency of the scales ia to set themsclvoa at 
right angles to the line of pressure. Along the planes of 
weakness produced by the scales the mass cleaves. 

By tests of a different character from those applied by 
Mr. Sorby, it might be shown how true hia conclusion ia, 
that the effect of pressure on elongated particles or plates 
will be such as he describes it But while the scales must 
be regarded as a true cause, I should not ascribe to them a 
large share in the production of the cleavage. I believe 
that, even if the plates of mica were wholly absent, the 
cleavage of slate-rooka would be much the same as it is at 
present. 

Here is a mass of pure white wax : it contains no mica 
particles, no scales of iron, nor any thing analogous to them. 
Here is the self-same substance submitted to pressure. I 
would invite the attention of the eminent geologists now 
before me to the structure of this wax. No slate ever ex- 
hibited so clean a cleavage ; it splits into laminoe of sur- 
passing tenuity, and proves at a single stroke that pressure 
Is sufficient to produce cleavage, and that this cleavage ia 
independent of intermixed plates or scales, I have pur- 
posely mixed this wax with elongated particles, and am 
unable to say at the preaent moment that the cleavage ia 
sensibly affected by their presence — if any thing, I should 
Bay they rather impair its fineness and clearness than pro- 



The finer the slate, is the more perfect will be the re- 
eemblance of its cleavage to that of the wax. Compare 
the surface of the wax with the surface of this slate from 
Borrodale in Cumberland. You have precisely the same 
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features in botli : you see flakes clinging to the Burfacea of 
each, which have been partially torn away in clea^-ing. 
Let any close observer compare these two effects, he will, 
I am persuaded, be led to the conclusion that Ihey are the 
product of a common cause.' 

But you will ask me how, according to my 
pressure produce this remarkable result. This may 
stated in a very few words : 

There is no such thing in Nature aa a body of perfectly 
homogeneous structure. I break this clay which eeema bo 
uniform, and find that the fracture presents to my eyes in- 
numerable surfaces along which it has given way, and it 
has yielded along those surfaces because in them the cohe- 
fiion of the mass is leas than elsewhere. I break this mar- 
ble, and even this wax, and observe Uie same result ; look 
at the mud at the bottom of a dried pond ; look to some of 
the ungraveUed walks in Kensington Grardens on drying af- 
ter rain — they are cracked and split, and, other circumstancei 
being equal, they crack and split where the cohesion is least. 
Take then a mass of partially consolidated mud. Such a 
mass is divided and subdivided by interior surfaces along 
which the cohesion is comparatively snaall. Penetrate the 
mass in idea, and you ^ill see it composed of numberless 
irregular polyhedra bounded by surfaces of weak cohe^on. 
Imagine such a mass subjected to pressure — ^it yields and 
spreads out in the direction of least resistance ; ' the little 

' I iiEiTe ufuaDy softened the wai hy warmiiig it, kneaded it witli the 
lingcra, and pressed it between thick plates of glaaa previoualy iretted. 
At the ordinary summer temperature the pressed w»i is soft, and tort 
mther than cleaTOa ; on this account, I cool mj compressed Bpecimeni In 
■ miitare of pounded ice and salt, and nhen thua cooled they split bem- 
tifullj. 

' It ia Bcarcelj necessary to say that, if the mass vere stgueezcd equal- 
'j in all diceclions, DO laminated structure could bo produced; it must 
have room to yield in a lateral direction. Mr. Warren He la Bue iofbrma 
me that be oDoe wished to obtain white-lead in D fine granutar Btate, and 
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polyhedra become converted into laminte, Beparated from 
each other by surfaces of weak cohesion, and the infaUiblo 
result will be a tendency to cleave at right angles to the 
line of pressure. 

Further, a mass of dried mud is full of cavities and fis- 
sures. K yon break dried pipe-clay you see them in gi'eat 
numbers, and there are multitudes of them so small that you 
cannot see them. A flattening of these cavities must take 
I * place in squeezed mud, and this must to some estent facili- 
tate the«oleavage of the mass in the direction indicated. 

Although the time at my disposal has not permitted ma 
duly to develop these thoughts, yet for the last twelve 
months the subject has presented itsdf to me almost daily 
wider one aspect or another, I have never eaten a biscuit 
during this period without remarking the cleavage devel- 
oped by the rolling-pin. You have only to break a biscuit 
^^ across, and to look at the fracture, to see the laminated 
^K structure. We have here the means of pushing the anal- 
^H '^Sy further. I invite you to compare the structure of this 
^F slate, which was subjected to a high temperature during 
the conflagration of Mr, Scott Russell's premises, with that 
of a biscuit. Air or vapor within the slate has caused it 
to swell, and the mechanical structure it reveals is precisely 

(that of a biscuit. During these inquiries I have received 
much instruction in the manufacture of puff-paste. Here 
is some such paste baked under my own superintendence. 
Tlie cleavage of our hills is accidental cleavage, but this is 
■cleavage with intention. The volition of the pastry-cook 
liaB entered into its formation. It has been his aim to pre- 
■erve a series of surfaces of structural wenkness, along 
which the dough divides into layers. Puff-paste in prcpa- 
to accomplish tills liD first cnm pressed it. The mould was conical, aai 
permitted tbc lend to spread out a little laterally. The taiDiaution was 
u perfect as that of slate, and it quite defeated him In hid elTort to ob- 
tklD a graaoiar powder. 
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ration muat Dot be handled too much ; it ought, moreover, 
to be rolled on a cold slab, to prevent the butter from melt- 
ing', and diffusing itself, thus rendering the paste more ho- 
mogeneous and less liable to split. Puff-paste is, then, 
siinply an exaggerated case of slaty cleavage. 

The principle which I have enunciated is so sirapli 
to be almost trivial; nevertheless, it embraces not only thtt 
cases mentioned, but, if time permitted, it might be shown 
you that the principle has a much wider range of applica- 
tion. When iron is taken froiq the puddhng-fursace it is 
more or less spongy, an aggregate in faot of Bmall nod- 
ules : it is at a welding heat, and at this temperature is 
Bubroitted to the process of rolling. Bright, smooth bars 
are the result. But, notwithstanding the high heat, the 
nodules do not perfectly blend together. The process of 
rolling draws them into fibres. Here is a mass acted upon 
by dilute sulphuric acid, which exhibits in a striking maa< 
ner this fibrous structure. The experiment was made by 
my friend Dr. Percy, without any reference to the question 
of cleavage. 

Break a piece of ordinary iron, and you have a granular 
fracture ; beat the iron, you elongate these granules, and 
finally render the mass fibrous. Here are pieces of rails 
along which the wheels of locomotives have slidden ; the 
granules have yielded and become plates. They exfoliate 
or come off in leaves ; all these effects belong, I believe^ 
to the great class of phenomena of which shity deavi 
forms the most prominent example.' 

[I would now lay more stress on the lateral yielding'j 
referred to in the note at the bottom of page 39i, accompa- 
nied as it is by tangential sliding, than I was prepared to 
do when this lecture was given. This sliding is, I thinly 
the principal c'luse of the planes of weakness both in 
pressed wax and slate-rock, J. T, 1871,] 

' For some further observations oa this subject bj Ur. Sorbf and 
mjaclT, Bee Ph'doaopliiatt Magwdnt for August. IBSS. 
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People in general imagine, wlien tliey think at all about 
tlie matter, that an impression upon the nerres — a blow, 
for example, or the prick df a pin — ia felt at the looraent it 
is inflicted. But this is not the case. The seat of sensa- 
tion is the brain, and to it the intelligence of any impression 
made upon the nerves has to be transmitted before this 
impression can become manifest in consciousness. The 
transmission, moreover, requires time^ and the consequence 
is, that a wound inflicted on a portion of the body distant 
from the brain is more tardily appreciated than one inflicted 
adjacent to the brain. By an extremely ingenious experi- 
mental arrangement, Hclmholtz has determined the velocity 
of this nervous transmission, and finds it to be about one 
hundred feet a second, or less than one-tenth of the velocity 
of sound in air. If, therefore, a whale fifty feet long were 
wounded in the tail, it would not be conscious of the injury 
.till balf a second after the wound had been inflicted.' But 
this is not the only ingredient in the delay. There can 
scarcely be a doubt that to every act of consciousness be- 
longs a determinate molecular arrangement of the brain — 
that every thought or feeling has its physical correlative in 
that organ ; and nothing can be more certain than that 
every physical change, whether molecular or mechanical, 
requires time for its accomplishment. So that, besides the 

' L moBt Bdmiiabla lectiira on Iha velocity of nervoua transmlsgloti 
"las boon publialiBd by Dr. Du Boia-RajmonJ In iha Froixcdhigi of Oit 
Unyal Intlitvlion for 1SSS, toI. iv. p. GTS, 
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interval of transimssioo, a still further time is necessary for I 
the brain to put itseK in order — for ita molecules to lake 
op the motiona or positions necessary to the completion o£ 
consciouaneaa. Hclmholtz conaidera that one-tenth of a 
second is demanded for this pnrpose. Thus, in the case of 
the whale above supposed, we have first half a second con- 
sumed in the transmission of the intelligence through the 
sensor nerves to the head, one-tenth of a second consumed 
by the brain in completing the arrangements necessary to 
consciousness, and, if the velocity of transmission through 
the motor be the same as that through the sensor nerves, 
half a second in sending a command to the tail to defend 
itseit Thus one second and a tenth would elapse before 
an impression made upon its caudal nerves could be ra* 1 
sponded to by a wh^e fifty feet long. m 

Now, it is quite conceivable that an injury might be m 
inflicted which would render the nerves unfit to be the conr 
ductora of the motion which results in sensation ; and if 
such a thing occurred, no matter how severe the injury 
might be, we should not be conscious of it. Or it may 
be that, long before the time i-equired by the brain to 
complete the arrangement necessary to consciousness, ita 
power of arrangement might be wholly suspended. In 
such a case also, though the injury might be of a nature 
to cause death, this would occur without feeling of any 
kind. Death in this case would be simply the sudden 
ne^tion of life, without any inter\'ention of consciousneaR J 
whatever. m 

Doubtless there are many kinds of death of this cbai^^ 
acter. The passage of a musket-bullet through the brain 
is a case in point ; and the placid aspect of a man thus killed 
is in perfect accordance with the conclusion which might be 
drawn a priori frcra the experiments of Helmholtz, Cases 
of insensibility, moreover, are not uncommon which do not 
result in death, and after which the persons affected have 
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boen able to testify that no pain was felt prior to the loss 
of consciousness. 

The time required for a rifle-bullet to pass clean through 
a man's head may be roughly estimated at a thousandth of 
a second. Here, therefore, we should have no room for 
Bensation, and death would be painless. But there are 
other actions which far transcend in rapidity that of the 
rifle-bullet. A flash of lightning cleaves a cloud, appearing 
Bnd disappearing in less than a hundred-thousandth of a 
second, and the velocity of electricity is such as would cany 
it in a single second over a distance almost equal to that 
which separa1:cs the earth and moon. It is well known 
that a luminous impression once made upon the retina en- 
dures for about one-sisth of a second, and that this is the 
reason why we see a ribbon of light when a glowing coal 
is caused to pass rapidly through the air. A body illumi- 
nated by an instantaneous flash continues to be seen for the 
sixth of a second after the flash has become extinct ; and 
if the body thus illuminated be in motion, it appears at 
rest at the place where the flash falls upon it. The coloi^ 
top is familiar to most of us. By this instrument a disk 
with diflerently-colored sectors is caused to rotate rapidly ; 
the colors blend together, and, if they are chosen in the 
proper proportions, when the motion is sufficiently rapid 
the disk appears white. Such a top, rotating in a dark room 
ftnd illuminated by an electric spark, appears motionless, 
each distinct color being clearly seen. Professor Dove has 
found that a flash of lightning produces the same effect. 
During a thunder-storm he put a color-top in exceedingly 
rapid motion, and found that every flash revealed the top 
as a motionless object with its colors distinct. If illuminated 
eolely by a flash of lightning, the motion of all bodies on 
the earth's surface would, as Dove has remarked, appear 
BuBpended. A cannon-ball, for example, would hav& its 
flight apparently arrested, and would seem to hang motion- 
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less in space as long as the luminous impression which re- I 
veaied the hall remained upoii the eye. 

If, then, a rifle-hiUlet move with sufficieot rapidity to 1 
destroy life without the interposition of sensation, much 
more is a flash of lightning competent to produce this effect. 
Accordingly, we have well -authenticated cases of people 
being struck senseless by hghtning who, on recovery, had 
no memory of pain. The following circumstantial case is 
described by Heramer: 1 

On June 30, 1788, a soldier in the neighborhood of ' 
Mannheim, being overtaken by rain, placed himself under 
a tree, beneath which a woman Lad previously taken 
shelter. He looked upward to see whether the branches 
were thick enough to afford the required protection, and, 
in doing so, was struck by lightning, and fell senseless to 
the earth. The woman at his side experienced the shock 
in her foot, but was not struck down. Some hours after- 
ward the man revived, but remembered nothing about 1 
what had occurred, save the fact of his looking up at the ] 
branches. This was his last act of consciousness, and he 
passed firom the conscious to the unconscious condition 
without pain. The visible marks of a lightning-stroke 
are usually insignificant ; the hair is sometimes burnt ; 
slight wounds are observed; while, in some instances, . 
a red streak marks the track of the discharge over the 

Under ordinary ciroumstances, the discharge from a. 
small Leyden-jar is exceedingly impleasant to myselt 
Some time ago I happened to stand in the presence of a ' 
numerous audience, with a battery of fifteen large Leyden- 
jars charged beside me. Through some awkwardness on' t 
my part, I touched a wire leading from the battery, and 
the discharge went through my body. Life was absolutely 
blotted out for a very sensible interval, without a trace of 
pain. In a second or so consciousness returned ; I saw my 
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self in the presence of the audience and apparatus, and, by 
the help of these external appearances, immediately conr 
eluded that I had received the battery discharge. The ^/^ 
teUectual consciousness of my position was restored with 
exceeding rapidity, but not so the optical consciousness. 
To prevent the audience from being alarmed, I observed 
that it had oft^n been my desire to receive accidentally 
such a shock, and that my wish had at length been fulfilled. 
But while making this remark, the appearance which my 
body presented to myself was that of a number of separate 
pieces. The arms, for example, were detached from the 
trunk, and seemed suspended in the air. In fact, memory 
and the power of reasoning appeared to be complete long 
before the optic nerve was restored to healthy action. But 
what I wish chiefly to dwell upon here is, the absolute pain- 
lessness of the shock ; and there cannot be a doubt that, to 
a person struck dead by lightning, the passage from life to 
death occurs without consciousness being in the least de- 
gree implicated. It is an abrupt stoppage of sensation, 
unaccompanied by a pang. 
Jtelif Sy 1865. 



SCIENCE AND SPIRITS. 

TusiB refusal to iuvestigate "spiritual plienomena " is 
often urged as a reproach to scientific men. I here proposs 
to give a sketch of an attempt to apply to the "phenom- 
ena " those methods of inquiry which are found available 
in dealing with natural trutti. 

Some time ago, when the spirits were particularly 
active in this country, a celebrated philosopher was invited, 
or rather entreated, by one of his friends to meet and ques- 
tion them. He had, however, already made their acquaint- 
ance, and did not wish to renew it. I Lad not been bo 
privileged, and he therefore kindly arranged a transfer of 
the invitation to me. The spirits themselves named the 
time of meeting, and I was conducted to the place at the 
day and hour appointed, i 

Absolute unbelief in the facts was by no means my con- " 
dition of mind. On the contrary, I thought it probable 
that some physical principle, not evident to the spiritualists 
themselves, might underlie their manifestations. Extraor- 
dinary effects arc produced by the accumulation of small 
impulses. Galileo act a heavy pendulum in motion by the 
well-timed puffs of his breath. Ellicot set one clock going 
by the ticks of another, even when the two clocks were 
separated by a wall. Preconceived notions can, moreover, 
vitiate, to an extraordinary degree, the testimony of even 
veracious persons. Hence try desire to witness those ex- 
traordinary phenomena, the existence of which eeeraed 
placed beyond a doubt by the known veracity of those who 
had witnessed and described them. The meetinfi; took 



8CIEKCE AKD 5PIRITB. 403 

place ;it u. private residence in the neighborhood of Lon- 
don. My host, his intelligent wife, and a gentleman who 
way be called X, were in the house when I arrived. I 
was informed that the "medium" had not yet made her 
appearance ; that she was sensitive, and might resent sus- 
picion. It was therefore requested that the tables and 
chairs should be examined before her arrival, in order to be 
assured that there was no trickery in the funutnre. This 
was done ; and I then first learned that my hospitable host 
Lad arranged that the stance should be a dinner-party. 
This was to me an unusual form of investigation; but I 
accepted it, as one of the accidents of tie occasion. 

• The " medium " arrived — a delicate-looking young lady, 
who appeared to tavo suffered rauoli from ill health, I 
took her to dinner and sat close beside her. Facts were 
absent for a considerable time, a scries of very wonderful 
narratives supplying their place. Tlie duty of belief on 
testimony was frequently insisted on. X. appeared to be 
a chosen spiritual agent, and told us many, surprising 
things. He afBrmed that, when he took a pen in his hand, 
an influence ran from his shoulder downward, and impelled 
him to write oracular sontences. I listened for a time, 
offering no observation. " And now," continued S., " this 
power has so risen as to reveal to me the thoughts of othei'S. 
Only this morning I told a friend what he was thinking of, 
and what he intended to do during the day." Here, I 
thought, is something that can be at once tested. I said 
immediately to X. : "If you wish to win to your cause an 
apostle, who will proclaim your principles to the world 
without fear, tell me what I am now thinking of." X, 
reddened, and did not tell me my thought. 

Some time previously I had visited Baron Reichenbach, 
In Vienna, and I now asked the young lady who sat beside 
me, whether she could see any of tho curious things which 
he describea — the light emitted by crystals, for example? 
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Here is the conversation which followed, as extracted from 
my notes, written on the day following the seance: 

Medium. — "Oh, jea; but I see light around alll 
bodies." 

I. — " Even in perfect darkness ? " 

Medium. — " Yes ; I see lumittoua atmospheres round a]] I 
people. The atmosphere which surrounds Mr. R C. wouldrl 
611 this room with light." 

J, — "Ton are aware of tho effects ascribed by Baron I 
Reicheobach to magnets ? " 

Medium. — " Yes ; but a magnet makes me terribly ilL" 

X. — "Am I to understand that, if this room were per- 
fectly dark, you could tell whether it contained a maguet, 
without being informed of the fact ? " 

Medium. — " I should know of its presence on entering 
the room." 

Z— "How?" 

Medium. — "I should be rendered instantly ilL" 

T. — " 5ow do you feel to-day ? " 

Medium. — " Particularly well ; I have not been ao ■ 
for months," 

I. — " Then, may I ask you whether there ia, at the I 
present moment, a magnet in my possession ? " 

The young lady looked at me, blushed, and stammered, I 
" No ; I am not en rapport with you," 

I sat at her right hand, and a left-hand poclcet, within 
six inches of her person, contaitied a magnet. 

Our host here deprecated discussion, as it " exhausted 
the medium," The wonderful narratives were resumed; 
but I had narratives of my own quite as wonderful. These 
spirits indeed, seemed clumsy creations, compared with 
those with which my oira researches had made me familioi^ 
I therefore began to match the wonders related to me by 
other wonders. A lady present discoursed on spiritual 
atmo=Dheros, which she could see as beautiful colors when 
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she closed her ejes. I professed myself able to see similar 
colors, and more tiaan that, to be able to see the interior of 
my own eyes. The medium affirmed that she could see 
actual waves of light coming' from the sun. I retorted that 
men of science could tell the esact number of waves 
emitted in a second, and also their exact lengtli. The 
medium spoke of the performances of tlie epirits on musictd 
instruments. I said that such performance was grosa, in 
comparison vfith a kind of music which had been discovered 
some time previously by a scientific man. Standing at a 
distance of twenty feet from a jet of gas, he could command 
the flame to emit a, melodious note ; it would obey, aud 
continue its song for hours. So loud was the music emitted 
by the gas-flame, that it might be heard by an assembly of 
a thousand people. These were acknowledged to be as 
great marvels as any of those of spiritdom. The spirits 
were then consulted, and I was pronounced to be a first- 
class medium. 

During this conversation a low knocking was heard 
from time to time under the table. These were the spirits' 
knocks. I was informed that one knock, in answer to a 
. question, meant " No ; " that two knocks meant " Not 
yet ; " and that three knocks meant " Yes." In answer to 
the question whether I was a medium, the response was 
three brisk and vigorous knocks. I noticed that the knocks 
issued from a particular locality, and therefore requested 
the spirits to be good enough to answer from another 
comer of the table. Tlioy did not comply ; but I was 
assured that they would do it, and much more, by-and-by. 
The knocks continuing, I turned a wine-glass upside down, 
and placed my ear upon it, as 'jpon a stethoscope. The 
spirits aeemed disconcerted by the act ; they lost their 
playfulness, and did not quite recover it for a considerable 
time. 

Somewhat weary of the proceedings, 1 once threw my- 
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self back against my chair, and gazed liallesslj- out of tlie 
wiadow. While thus engaged, tlie table was rudely pushed. ' 
Attention was drawn to the wine, still oscillating in the 
glasses, and I was asked ^vhcther that was not conTincing. 
I readily granted the fact of motion, and began to feel the 
delicacy of my position. There were several pairs of arma 
upon the table, and several pairs of legs under it ; but how 
was I, without offence, to express the conviction which I 
really entertained ? To ward off the diiSculty, I again 
turned a wine-glass upside down and rested my ear upon it. 
The rim of the glass was not level, and the hair on touch- 
ing it caused it to vibrate and produce a peculiar buzzing 
sound, A perfectly candid and warm-hearted old gentle- 
man at the opposite side of the table, whom I may call A,, 
drew attention to the sound, and expressed his entire belief 
that it was spiritual. I, however, informed him that it was 
the moving hair acting on the glass. The explanation was 
not well received, and X., in a tone of severe pleasantry, 
demanded whether it was the hair that had moved the 
table. The promptness of my negative probably satisfied ' 
him that my notion was a very different one. 

The superhuman power of the spirits was next dwelt 
upon. The strength of man, it was stated, was unavailing 
in opposition to theirs. No human power could prevent 
the tabic from moving when they pulled it. During the 
evening this pulling of the table occurred, or rather was 
attempted, three times. Twice the table moved when my 
attention was withdrawn from it; on a third occasion, I 
tried whether the act could be provoked by an assumed air 
of inattention. Grasping the table firmly between my 
knees, I threw myself back in the chair, and waited, with 
eyes fixed on vacancy, for the pulL It came. For some 
seconds it was pull spirit, hold muscle ; the muscle, how^ 
ever, prevailed, and the table remained at rest. Up to the 
present moment, this interesting fact is known only to the 
particular spirit in question and myself. 
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A species of mental scene-pamting, with ivbich luy own 
pursuits had long' rendered me familiar, was employed to 
figure the changes and distribution of spiritual power. 
The spirits were provided with atmospheres, which com- 
bined with and interpenetrated each other, considerable 
ingenuity being shown in demonstrating the necessity of 
time in effecting the adjustment of the atmospheres. In 
fact, jnst as in science, the senses, time, and space, con- 
stituted the conditions of the phenomena, A rearrange- 
ment of our positions was proposed and carried out ; and 
soon afterward my attention was drawn to a scarcely 
sensible vibration on the part of the table. Several persona 
were leaning on the table at tLe time, and I asked permis- 
sion to touch the medium's hand. " Oh, I know I tremble," 
was her reply. Throwing one leg across the other, I ac- 
cidentally nipped a muscle, and produced thereby an in- 
voluntary vibration of the free leg. This vibration, I knew, 
must be communicated to the floor, and thence to the 
chairs of all present. I therefore intentionally promoted it. 
My attention was promptly drawn to the motion ; and a 
geutleman beside me, whose value as a witness I was par- 
ticularly desirous to test, expressed his belief, that it waa 
out of the compass of human power to produce so strange 
a tremor. "I believe," he added earnestly, "that it is 
entirely the spirits' work." " So do I," added, with heat, 
the candid and warm-hearted old gentleman A. " Why, 
air," he continued, " I feel them at this moment shaking 
my chair." I stopped the motion of the leg. " Now, sir," 
A. exclaimed, " They are gone." 1 began again, and A. 
once more ejaculated. I could, however, notice that there 
were doubters present, who did not quite know what to 
think of the manifestations. I saw tlieir perplexity; and, 
BB there was sufficient reason to believe that the disclosure 
of the secret would simply provoke anger, I kept it to 
myself. 
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Again a period of conversation intervened, iluring which 
the spirits became animated. The evening was confessedly 
a dull one, but matters appeared to brighten toward ifa 
close. The spirits were requested to spell the oame hy 
which I am known in the heavenly world. Our host com- 
menced repeating the alphabet, and when ho reached the 
letter " P " a knock was heard. He began again, and the 
spirits knocked at the letter "O." I was piizzled, but 
waited for the end. The next letter knocked down 
" E." I laughed, and remarked that the spirits were goin^J 
to make a poet of me. Admonished for my levity, I 
informed that the frame of mind proper for the occaaioa 
ought to have boon superinduced by a perusal of the Bible 
immediately before the siance. The spelling, however, 
went on, and siire enough I came out a poet. But matters 
did not end here. Our host continued his repetition of the 
alphabet, and the nest letter of the name proved to be 
"0." Here was manifeatiy an unfinished word ; and the 
spirits were apparently in their most communieative mood. 
The knocks eame from under the table, but no person pres- 
ent evinced the slightest desire to look under it, I askedj 
whether I might go underneath ; the permission wa») 
granted; so I crept under the table. Some tittered; but 
the candid old A. exclaimed, "He has a right to look into 
the very dregs of it, to convince himself." Having pretty 
well assured myself that no souud could be produced under 
the table without its origin being revealed, I requested our 
host to continue his questions. He did so, but in v^n. He 
adopted a tone of tender entreaty ; but the " dear spirits " 
had become dumb dogs, and refused to be entreated. I 
continued uuder that table for at least a quarter of an hour, 
after which, with a feeling of despair as regards the proa* 
pecta of humanity never before experienced, I regained my 
chair. Once there, the spirits resumed their loquacity, and,' 
dubbed me " Poet of Science." 
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' This, tLen, is the result of an attempt made by a scien- 
tific man to look into these spiritual phenomena. It is not 
encouraging ; and for this reason ; The present promoters 
of spiritual phenomena divide themselves into two classes, 
one of which needs no demonstration, while the other is 
beyond the reach of proof. The victims Uke to believe, and 
they do not like to be undeceived. Science is perfectly- 
powerless in the presence of this frame of mind. It is, 
moreover, a state perfectly compatible with extreme intel- 
lectual subtlety and a capacity for devising hypotheses 
which onJy require the hoxdihood engendered by strong 
f conviction, or by callous mendacity, to render them impreg- 
nable. The logical feebleness of science is not sulBcienlly 
borne in mind. It keeps down the weed of superstition, 
not by lo^c but by slowly rendering the mental soil unfit 
fcr its cultivation. When science appeals to uniform ex- 
I perience, the spiritualist will retort, " How do you know 
that a uniform experience will continue uniform ? You tell 
e that the sun has risen for sis thousand years : that is 
no proof that it wiU rise to-morrow ; within the nest twelve 
hours it may be puffed out by the Almighty." Taking this 
ground, a man may maintain the story of "Jack and the 
Bean-stalk " in the face of all the science in the world. 
You urge, in vain, that science has given us all the knowl- 
I edge of the universe which we now possess, while spiritual- 
I ism has added nothing to that knowledge. The drugged 
I Boul is beyond the reach of reason. It is in vain that im- 
I posters are exposed, and the special demon cast out He 
I has but slightly to change his shape, return to his house, 
I and find it " empty, swept, and garnished," 
Dfeemltr 10, 1884. 



VITALITY. 

The .irigin, growtli, and energies of living thihg^^ra 
Bubjccta which have always engaged the attention of think- 
ing men. To account for tlicm it was usual to assume a 
speciiil agent, to a great extent free from the limitations 
observed among tbe jrowera of inorganic N'ature. This 
agent was called the vital force; and, under its influence, 
plants and animals were supposed to collect their materials 
and to assume determinate forms. Within the last twenty 
years, however, our ideas of vital processes have undergone 
profound modifications ; and the interest, and even dis- 
quietude, which the change has escited in some minds are 
amply evidenced by the discussions and protests which are 
now common regarding the phenomena of vitality. In 
tracing out these phenomena through all their modifications 
the most advanced philosophers of the present day declare 
that they ultimately arrive at a single source of power, 
from which all vital energy is derived; and the disquieting 
circumstance is that this source ia not the direct fiat of » 
Bupematural agent, but a reservoir of what, if we do not 
accept the creed of Zoroaster, must be regarded as ino'T- 
gania force. In short, it is considered as proved that all 
the energy which we derive from plants and animals is 
drawn from the sun, 

A few years ago, when the sun was affirmed to be the 
source of life, nine out of ten of those who are alarmed by 
the form which this assertion has latterly assdfced, would 
have assented, in a general way, to its oorrectnesa. Their 
assent, however, was more poetical than scientific, and they 
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were by do means prepared to ace a rigid mecliaiiical sig- 
nification attached to tlieir words. This, hoi 
peculiarity of modem conclusions : tliat there is n 
energy whatever in the vegetable or animal organism, but 
that all the power which we obtain from the muscles of 
men and animals, as much as that which we develop by 
the combustion of wood or coal, has been produced at the 
eun's expense, Tlie sun i^ eo much colder that we may 
have our fires; he is also so much colder that we may have 
our horse-racing and Alpine climbing. It is, for example, 
certain that the sun has been chilled to an extent capable 
of being accurately expressed in numbers, in order to fur- 
nish the power which lifted this year a certain number of 
tourists from the rale of Chamouni to the summit of Mont 
Blanc. 

To most minds, however, the energy of light and heat 
presents itself as a thing totally distinct from ordinary me- 
chanical energy. But either of them can be derived from 
the other. By the friction of wood a savage can raise it 
to the temperature of ignition ; by properly striking a piece 
of iron a skilful blacksmith can cause it to glow, and thus, 
by the rude agency of his hammer, he generates light and 
heat. This action, if carried fer enough, would produce the 
light and heat of the sun. In fact the sun's light and heat 
have actually been referred to tbe fall of meteoric matter 
upon his surface ; and whether the sun is thus supported or 
not, it is perfectly certain that he might ie thus supported. 
Wliether, moreover, the whilom molten condition of our 
planet was, as supposed by eminent men, due to the collision 
of cosmic masses or not, it is perfectly certain that the mol- 
ten condition might be thus brought about^ If, then, solai 
.ight and heat can be produced by the impact of dead mat- 
ter, and if from the light and heat thus produced we can 
derive the energies which we have been accustomed to call 
vital, it indubitably follows that vital energy may have a 
proximately mechanical origin. 
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In what BCDse, tLen, is the sun to be regarded i 
origin of the euergy derivable from plants and aniiiialsn 
Let us try to give an intelligible answer to this questioi 
Water may be rabed from the sea-level to a high elevation," 
and then permitted to descend. In descending it may be 
made to asaume various forms — to fall in cascades, to spurt 
in fountains, to boil in eddies, or to flow tranquilly along a 
uniform bed. It may, moreover, be caused to set complex 
macliineiy in motion, to turn mill-atones, throw shuttles, 
work saws and hammers, and drive piles. But every form 
of power here indicated would be derived from the original 
power expended in raising the water to the height from 
which it fell There is no energy generated by the ma- 
chinery ; the work performed by the water in descending 
is merely the parcelling out and distribution of the work 
expended in raising it. In precisely this sense is all the 
energy of plants and animals the parcelling out and distri- 
bution of a power originally eserted by the sun, In the 
ease of the water, the source of the power consists in the 
forcible separation of a quantity of the liquid from a low 
level of the eartJi's surface and its elevation to a higher 
position, the power thus expended being returned by the 
water in its descent. In the case of vital phenomena, the ^ 
source of power consists io the forcible separation of ,t 
atoms of compound substances by the sun. We name tl 
force which draws the water earthward " gravity," and tha 
which draws atoms together " chemical affinity ; " but these 
different names must not mislead us regarding the qualita 
tive identity of the two forces. They are both aCCraatioru, 
and, to the intellect, the falling of carbon atoms agaiiui 
oxygen atoms is not more difGcult of conception than i 
falling of water to the earth. 

The building up of the vegetable, then, is effected by 
the sun through the reduction of chemical compounds. ITie 
phenomena of animal life are more or leas oompUeaUd 
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reversals of tliese processes of reduction. We eat tbc vege- 
table, and we breathe tbe oxygen of the air, aad in our 
bodies the oxygen which had been li/ted from the carbon 
and hydrogen by the action of the sun again falls toward 
them, producing animal heat and developing animal forma. 
Through the most complicated phenomena of vitality this 
law runs : tbe vegetable is produced while a weight rises, 
the animal is produced while a weight falls. But the ques- 
tion is not exhausted here. The water employed in our 
first illustration generates all the motion displayed in ita 
descent, but the form of the motion depends on the charac- 
ter of the machinery interposed in the path of the water. 
In a Bimilar way the primary action of the sun's rays is 
qualified by the atoms and molecules among which their 
energy is distributed. Molecular forces determine the form 
whiclf the solar energy will assume. In the separation of 
the carbon and oxygen this energy may be so conditioned 
as to result in one case in the formation of a cabbage, and 
in another case in the formation of an oak. So also as 
regards the reunion of the carbon and the oxygen, the mo- 
lecular machinery through which the combining energy 
acts may, in one case, weave the texture of a frog, while 
in another it may weave the texture of a man. 

The matter of the animal body is that of inorganic Na- 
ture. There is no substance in the animal tissues which is 
'not primarily derived from the rocks, the water, and the 
air. Are the forces of organic matter, then, different in 
kind from those of inorganic matter ? The philosophy of 
tho present day negatives the question. It is the com- 
pounding in the organic world of forces belonging equally 
to the inorganic that constitutes the mystery and the mir- 
acle of vitality. Every portion of every animal body may 
be reduced to purely inorganic matter. A perfect reversal 
of this process of reduction would carry us from the inoi^ 
ganic to the organic ; and such a, reversal is at least con- 
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ceivable. The tendency, indeed, of modem science is to 
break down tbe wall of purtition between organic and ino^ 
ganic, and to reduce both to tbe operation o£ forces which 
are the Bame in kind, but whose combinations differ in com- 
plexity. 

Consider now the question of personal identity, in rela- 
tion to this of molecular form. Twenty-six years ago, 
Mayer, of Heilbronn, with that power o£ genius which 
breathes large meanings into scanty facts, pointed out that 
the blood was " the oil of life," the combustion of which, 
like that of coal in grosser cases, sustained muscular action. 
The muscles are the machinery by which tbe dynamic power 
of the blood is brought into play. Thna the blood is con- 
sumed. But the whole body, though more slowly than the 
blood, wastes also, so that after a certain nuraber of years 
it is entirely renewed. How is the sense of personaJ iden- 
tity maintained across this flight of molecules ? To man as 
we know him, matter is necessary to con scions nesa, but the 
matter of any period may be all changed, while conscious- 
ness exhibits no solution of contiauity. Like changing 
sentinels, the oxygen, hydrogen, and carbon that depart 
seem to whisper their secret to their comrades that arrive, 
and thus, while the Non-ego shifts the Ego remains intact 
Constancy oi Jbrm in the grouping of tbe molecules, and 
not constancy of the molecules themselves, is the correlative 
of this constancy of perception. Life is a waufi which in 
no two consecutive momenta of its existence is composed 
of the same particles. 

Supposing, then, the melocules of the human body 
instead of replacing others, and thus renewing a preBxist- 
ing form, to be gathered first hand from Nature and put 
together in the same relative positions as those which they 
occupy in the body ; that they have the self-same forces and 
distribution of forces, the self-same motions and distribution 
of motions — woiild this organized concourse of moIeouIeB 



stand before us as a sentient thinking being ? There aecins 
ao valid reason to believe that it would not. Or, supposing 
a planet carved from the sun, and set spinning round an 
axis, and revolving round the sua at a distance from him 
equal to that of our earth, would one of the consequences 
of its refrigeration be the development of organic forms P 
I lean to the affirmative. Structural forces are certainly 
in the mass, whether or not those forces reach to the estent 
of forming a plant or an animaL In an amorphous drop of 
water lie latent all the marvels of crystalline force ; and 
who will set limits to the possible play of molecules in a 
cooling planet? If these statements startle, it ia because 
matter has been defined and maligned by philosophers and 
theologians who were equally unaware that it is, at bottom, 
essentially mystical and transcendental. 

Questions such as these derive their present interest in 
great part from their audacity, which is sure, in due time, to 
disappear. And the sooner the public dread is abolished 
with reference to such questions the better for the cause of 
truth, Aa regards knowledge, physical science is polar. 
In one sense it knows, or is destined to know, every thing. 
In another sense it knows nothing. Science knows much 
of this intermediate phase of things that wo call Nature, of 
which it is the product ; but science knows nothing of the 
origin or destiny of Nature. Who or what made the sun, 
and gave his rays their alleged power ? Who or what made 
and bestowed upon the ultimate particles of matter their 
wondrous power of varied interaction ? Science does not 
know : the mystery, though pushed back, remains unaltered. 
To many of us who feel that there are more things in 
heaven and earth than are dreamt of in the present phi- 
losophy of science, but who have been also taught, by 
baffled efforts, how vain is the attempt to grapple with 
the inEcrutable, the ultimate frame of mind is that of 
Goethe: 



416 FRAGMENTS OF SCIENCE. 

" Who dares to name His name, 
Or belief in Him proclaim, 
Yelled in mystery as He is, the ..il-enfolder ? 
Gleams across the mind His light, 
Feels the lifted soul His might. 
Dare it then deny His reign, the All-upholder ? ^ 



One or two interpolations excepted, tlie foregoing brief 
article was written on an Alpine slope in tlie summer of 
1863. Seven years afterward I was singularly interested 
to learn, tliat nearly 300 years ago, in explaining the actions 
and energies of the human body, Descartes employed 
similar imagery and expressed similar views' as far as the 
knowledge of his time allowed. Professor Huxley, who 
possesses a reading facvlij which I can but envy, has pub- 
lished in his " Lay Sermons " the following remarkable 
extracts from the " Traits de I'Homme : " 

** In proportion as these spirits^' (the animal spirits) " enter the cavi- 
ties of the brain, they pass thence into the pores of its substance, and from 
these pores into the nerves ; where, according as they enter, or even 
only tend to enter, more or less, into one than into another, they have 
the power of altering the figure of the muscles into which the nerves are 
inserted, and by this means of causing all the limbs to move. Thus, aa 
you may have seen in the grottoes and the fountains in royal gardens, 
the force with which the water issues from its reservoir is sufficient to 
move various machines, and even to make them play instruments, or 
pronounce words, according to the different disposition of the pipes which 
lead the water. 

" And, in truth, the nerves of the machine which I am describing may 
very well be compared to the pipes of these water-works ; its muscles 
and its tendons to the other various engines and springs which seem to 
move them ; its animal spirits to the water which impels them, of which 
the heart is the fountain ; while the cavities of the brain are the central 
office. Horeover, respiration and other such actions as are natural and 
usual in the body, and which depend on the course of the spirits, are 
like the movements of a clock, or of a mill, which may be kept up by the 
ordinary flow of water. 
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"The eitemnl olyeclfl which, bj their mere presence, net upon Ihe 
orgaos of (he senses ; and which, bj this meanB, determine the corporal 
ma.e!iine to move in man; different wajs, according eh the parts of the 
brain are arranged, are lilte the strangers who, entering into some of the 
grottoes of those water-works, uuconsciousij cause the moTements which 
take place in their presence. For the; oaunoC enter without treading upon 
certain planlcs ho arranged that, for ciamplc, if thej approach a bathing 
Diana, thej cause her to hide among the reeds ; and if the; attempt to 
follow her, tbe; aee approaching a Neptune, who Uireatens them witb hia 
trident; or if thej trj some other wa;, they caose some monster who 
Tomitf water into their faces, to dart out; or like contiivances, aocording 
to the fancj of the engineers kIio haTO made them. And lnstij, when 
the raUonal toui ifl lodged in this machine, it will have ila principal seat 
in the brain, and will take the place of the engineer, who ought to be 
in that part of the works with which all the pipes are connected, n-hcn 
he wishes to iacteage, or to slacken, or in some way to alter, their move- 
ments." 

"All the functions whiuh I have attributed to this machine"{tho 
body), " as Iha digestion of food, the puleation of the heart and of the 
arteries ; the nutrition and the growth of the limbs ; respiration, wake- 
; the reception of light, sounds, odors, Qavors, heat, and 
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so that, 80 far as these are eoncenied, it is not necessary to conceive any 

other vegetative or sensitive soul, nor any other principle of motion, or 
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conlinually in the heart, and which ia no wise essentially diffi^rciit Tiom 

all (he flrea which exist in inanimate bodies." 
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ADDITIOMl REMARKS ON MIRACLE& 



Among the scraps of manuscript written at the time 
wben Mr. Mozley'a work occupied my attention I find the 
following reflections : 

" With regard to the influence of modern science which 
Mr, Mozley rates bo low, one effect of it is certaiidy to en- 
hance the magnitude of many of the recorded miracles, and 
to increase proportionably the difliculties of belief, Tha 
ancients knew but little of the vastness of the universes 
The Rev. Mr. Kirkman, for example, has shown what inad- 
equate notions the Jews entertained regarding the " 6mm-' 
mcnt of hearen ; " and Professor Airy refers to the case of 
a Greek philosopher who was persecuted for hazarding the 
assertion, then deemed monstrous, that the sun might be as 
large as the whole country of Greece. The concerns of a 
universe, regarded from this point of view, were vastly 
more commensurate with man and his concerns than those 
n{ the universe which science now reveals to us ; and hence 
that to suit man's purposes, or in compliance with hia 
prayers, changes should occur io the order of the universe, 
was more easy of belief in the ancient world than it can, 
be now. In the very magnitude which it assigus to natural 
phenomena, science has augmented the distance betweett' 
them and man, and increased the popular belief in their op 
derly progression. As a natural consequence, the demand 
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for evideui.'e is more exacting than it used to be, wUeiiever 
it is affirmed that such order has been disturbed. 

Let us take as an illustration the miracle by which the 
victory of Joshua over t^e Amoritea was rendered complete, 
where the sun is reported to have stood still for " a whole 
day" upon Gibeon, and the moon in the valley of Ajalon. 
An Englishman of average education at the present day 
would naturally demand a greater amount of evidence to 
prove that this occurrence took place than would have sat- 
isfied an Israehte in the age succeeding that of Joshua. 
For, to the one, the miracle probably consisted of the stop- 
page of a ball of fire loss than a yard in diameter, while to 
the other it would be the stoppage of an orb fourteen hun- 
dred thousand times the earth in size. And, even accept- 
ing the interpretation which instructed divines now put 
upon this text, tha.t Joshua dealt with what was apparent 
merely, but that what realty occiuxed was the suspension 
of the earth's rotation, I think a greater reserve in accept- 
ing the miracle, aud a right to demand stronger 'evidence 
in support of it, will be conceded to a modem man of sci- 
ence than would have sufficed for an ancient Jew. 

There is a scientific imagination as well as an historic 
unagination, and when, by the exercise of the former, the 
stoppage of the earth's rotation is clearly realized, the 
event assumes proportions so vast in comparison with the 
result to be obtained by it that belief reels under the reflec- 
tion. The energy here involved is equal to that of six trill- 
ions of horses working for tfao whole of the time employed 
by Joshua in the destruction of his foes. The amount of 
power thus expended would bo sufficient to supply every 
individual of an army a thousand times the strength of that 
of Joshua, with a thousand times the fighting-power of 
each of Joshua's soldiers, not for the few hours necessary to 
the extinction of a handful of Amorites, but for millions 
L of years. All this wonder is silently passed over by tho 
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sacred liisloriao, conressedly because lie knew nothiiig 
about it. Whether, therefore, wc consider the miracle aa 
purely evidential, or as a practical means of vengeance, the 
same lavish squandering of energy ^tares the scientific man 
in the face. If evidential, the energy was wasted, becaiise 
the Israelites knew nothing of its amount ; if simply de- 
structive, then the ratio of the quantity lost to that em- 
ployed may be inferred from the foregoing figures. 

To other miracles similar remarks apply. Transferring 
thought from our little sand-grain of an earth to the i 
measurable heavens, where countless worlds, with their 
freights of life, probably revolve unseen, the very suns which 
warm them being barely seen by us across abysmal space ; 
reflecting that beyond these sparks of solar fire suns i 
merable may lie, whose light can never stir the optic nerve I 
at all ; and, bringing this conception face to face with (he I 
idea that the Builder and Snstainer of it all should contract J 
himself to a burning bush, or behave in other famUiar wayi I 
ascribed to him — it is easy to understand how astounding 1 
the incongruity must appear to the scientific man. Did 
this credulous prattle of the ancients about miracles stand 
alone; were it not locally associated with words of imper- 
ishable wisdom, and with examples of moral grandeur un- 
matched elsewhere in the history of the human race, both 
the miracles and their " evidences " would have long since 
ceased to be the transmitted inheritance of intelligent men. 
Under the pressure of the awe which this universe inspires, 
well may we exclaim in David's spirit, if not in David's 
words: "When I consider the heavens the work of thy 
fingers, the moon, and the stars, which thou haat ordained; . 
what is man that thou shouldst be mindful of him, or the I 
Bon of man that thou shouldst so regard him ? " 

If you ask me who is to limit the outgoings of Al- 
mighty power, my answer is, not L If you should urge 
that if the Builder and the Maker of this imircrsc chose lo 
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stop tlie rotation of the earth, or to take the form of a 
burning bush, there is nothing to prevent him from doing 
so, I am not prepared to contradict 7011. I neither agree 
with you nor differ from jou, for it ia a subject of which I 
know nothing. But I observe that in such questions re- 
garding Almightj power, your inquiries relate, not to that 
power as it ia actually displayed in the universe, but to the 
power of your own imagination. Your question is, not haa 
the Omnipotent done so and so f or is it in tbe least likely 
that the Omnipotent should do so and so ? but, is my imagi- 
nation competent to picture a being able and willing to do 
soandsof I am not prepared to deny your competence. 
To the human mind belongs tbe faculty of enlarging and 

uiniahing, of distorting and combining indefinitely the 
objects revealed by the Bensce, or by its own consciousness. 

;an imagine a mouse as large as an elephant, an elephant 

large as a mountain, and a mountain as high as the stars. 
It can separate congruities and unite incongruities. We 

! a fish and we see a woman ; we can drop one half of 
each, and imite in idea the other two halves to a mermaid. 
We see a horse and we see a man ; we are able to drop one 
half of each, and unite the other two halves to a centaur. 
Thus also the pictorial representations of the Deity, the 
bodies and wings of cherubs and seraphs, the hoofs, horns, 
and tail of the Evil One, the Joys of the blessed, and the 
torments of tbe damned, have been elaborated from mate- 
rials furnished to the imagination by the senses. And it 
behooves you and me to take care that our notionB of the 
. Power which rules the universe are not mere fanciful or ig- 
norant enlargements of human power. ITie capabilities of 
what you call your reason are not denied. By the exercise 
of the power here adverted to, and which may be called 
^_ the mythologic imagiiiation, you can picture to yourself a 
^H being able and willing to do any and every conceivable 
^H thing, You are right in saying that in opposition to this 
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power science is of no avail. Mr. Mozley would call it 
" a weapon of air." The man of science, however, while 
accepting the figure, would probably reverse its parts, 
thinking that it is not science which is here the thing of 
air, but the unsubstantial figment of the imagination to 
which its solidity is opposed. 
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